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Description 

The present invention relates t condensed-phase 
polymer-matrix microparticles and their uses as drug 
delivery, drug storage, and in diagnostic applications s 
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Chemical Society, Washington D.C. (1992). 



alkyf substituted acrylamides and the like. Copolymers 
have also been iMzed in an attempt to combine or 
modulate the stimulus responsive properties of one or 
more known smart polymers. 

The present invention includes, in one aspect, a 
particle composition for rapid release of a compound, 
when the composition is exposed to a selected target 
condition related to pH, temperature, or the presence of 
a selected llgand. The composition includes encapsu- 
lated, condensed-phase microparticles having an aver- 
age size in a selected size range between 0.05 and 5 
microns. 

Each microparticle is composed of a condensed- 
phase matrix of crosslinked polybnic polymer filaments, 
and is capable of decondensing to an expanded phase 
when selected multivalent counterions also present 
within the matrix are replaced by monovalent counteri- 
ons. The compound to be delivered is entrapped in the 
condensed-phase microparticle The condensed-phase 
micropartide and entrapped drug are encapsulated 
within a lipid bilayer membrane Localized disruption of 
the lipid membrane, and influx of monovalent counteri- 
ons into the polymer matrix, in response to the selected 
target conditions, causes a cascade effect involving 
matrix swelling and further membrane cfisruption, result- 
ing in rapid compound release from the particles., 

In one general embodiment, the composition is 
designed for use as a drug-delivery composition. Here 
th e m i cropartic le s hav e a n av e ra ge siz e in a s el ec ted 



30 size range preferably between 0.05 and 0.5 microns, the 



Okubo, M., and Nakagawa, T., Coilid Polym. Sci. 
270353^858(1992). 



compound is a therapeutic compound, and the lipid 
membrane is effective to allow influx of external courte- 



Pefton, R.H., and Chibante, P.. Colloids and 
Surfaces 31:247-256 (1986). 

Pelton. R.H., J. Polym. Sci.: Part A: Polym. Chem. 35 
26:9-18(1988). 

Szoka, R, et al., Ann Rev Biophys Bioeng, 9:467 



rions into the microparticle matrix when exposed to a 
selected condition in vivo. 

In a more specific embodiment, the polymer fila- 
ments forming the microparticle matrix are sulfated, sul- 
fbnated. carboxylated. or polyphosphated polyanionic 



(1980). 

Szoka, R. et al., Proc Nat Acad Sci t USA 75:4194 
(1978). 40 

Tai, E.R, J Poly Sci, Part A, 24:567(1986). 

Tanaka, H., et al. t Biotech, and Bioeng. 2£:53-58 
(1984). 

Vanderhoff, M.S., et al., Polym. Matr Sd Eng., 
54:587(1986) 45 

Wong. S.S., Chemistry of Protein Conjugation and 
Crosslink/ng, CRC Press, 1991. 

Yui, N. ( et ah, d Controlled Rel Si05-1 16 (1992). 

The use of synthetic polymers in drug delivery 
devices has focused on "smart polymers" a term so 
ascribed to polymers which form gels that have the abil- 
ity to expand or contract in response to a specific stimu- 
lus, such as light, temperature or pH. Typically, such 
polymers will precipitate in solution ore Naps with con- 
comitant expulsion of gel pore contents. In some cases, ss 
these processes are reversible. 

Synthetic polymers may be based on a number of 
types of monomeric units, including vinyl monomers. N- 



polymers, preferably comb-polymer glycoprotein fila- 
ments, and the multivalent counterion is a multivalent 
cation. 

Also in more specific embodiments, the encapsu- 
lated microparticles contain a concentration of solute 
molecules, including a therapeutic compound, that in 
the absence of the matrix, would produce hypertonic 
swelling of the encapsulated microparticle's lipid mem- 
brane in a physiological medium. Alternatively, the con- 
centration of therapeutic compound within the 
encapsulated microparticles Is greater than the solubil- 
ity of the drug in the aqueous medium within the micro- 
particle matrices. 

The lipid bilayer membrane may include anti-ligand 
molecules attached to the outer membrane surface, for 
binding specifically to ligand antigen or antibody mole- 
cules present at an in vivo site, for producing comple- 
ment-mediated lysis at the selected in vivo site For use 
in delivering a drug to a site that can be heated to an 
elevated temperature above normal body temperature, 
the encapsulated microparticles' lipid membranes ar 
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formed of lipids having a phase transition temperature 
between the normal body fenperature and the elevated 
temperature. 

In a second general embodiment the composition 
is used as a diagnostic assay reagent, such as a homo- s 
geneous assay reagent Here the lipid membrane con- 
tains surface-bound anti-ligand molecules effective to 
bind specifically and with high affinity to a selected ana- 
lyte ligand molecule, and the entrapped compound is a 
detectable reporter compound. 10 

Binding of an analyte ligand to the anti-ligand mole- 
cules, in the presence of complement, causes mem- 
brane lysis, with rapid release of entrapped reporter 
compound. 

In another aspect the invention includes a method 75 
delivering a therapeutic oompound to an in vivo target 
site having a selected pH. temperature, or binding-mol- 
ecule characteristic by administering an encapsulated 
microparticle composition of the type described above, 
to a subject in need of the compound. The administered so 
composition is effective to produce rapid release of the 
compound at the target site. 

Also disclosed is a method of storing a charged 
compound, typically one that is unstable on storage. 
The method includes infusing the compound into poly- 2s 
mer micro P arti ? le ? hsviPS selected sizes in the 0.02 to 
50 micron size range, preferably 0.05 to 5 urn, where 
each particle is composed of a decondensed -phase 
matrix of crossl i nk e d po l y i onio po l ym e r fi l amen t s, an d i s 



in a selected size range preferably between 0.05 and 50 
microns. Each microparticle is composed of (i) a matrix 
of crosslinked polyionic polymer filaments capable of 
swelling from a condensed phase to an expanded, 
decondensed phase or state, when the matrix is 
exposed to monovalent counterions, (ii) small mole- 
cules entrapped in the microparticle matrix, with such in 
its condensed phase, and (in) polyvalent counterions 
effective to retard the release of the small molecules 
from the microparticles, when the micropartides are 
exposed to monovalent counterions. 

The polyvalent counterions may be confined to an 
outer shell region of the condensed-phase matrix, 
infused throughout the matrix, or distributed within the 
matrix according to the polymer-molecule size. 

The polymer fiaments forming the microparticle 
matrix in one embodiment are sulfated, sulfonated, car- 
boxylated, or polyphosphated potyanionic polymers, 
and the polyvalent counterions are polycationic polymer 
molecules, preferably polypeptides with a net side chain 
charge. 

In one general embodiment the composition is 
used for parenteral administration of an entrapped ther- 
apeutic compound, with the condensed-state micropar- 
ticles having sizes in the range 0.05 to 0.5 nm. The 
composition may be used for delivering a chargedjher- 
apeutic peptide, which can serve as a polyvalent spe- 
cies in the composition. Alternatively, the therapeutic 
co mp o un d may be a smal l the r apeu t ic m olecu l e w h ich 



capable of contracting to a condensed phase under 30 is entrapped in the matrix, with such in its condensed 



selected ionic conditions requiring the presence of mul- 
tivalent counterions. 



form. The therapeutic compound may be present at a 
concentration that is substantially greater than the water 



After the compound has infused into the 
deoondensed-phase microparticles, multivalent counte- 
rions are added to the medium at a concentration effec- 35 
tive to fully condense the microparticles. forming an 
aqueous suspension of condensed-phase microparti- 



solubility of the corrpound in the suspension. The com- 
pound preferably has the same charge as the counte- 
rion. 

These and other objects and features of the inven- 
tion will become more fully apparent when the following 



cles having entrapped compound. The microparticles 
are preferably stored in an aqueous suspension or in a 
particle, partially dehydrated form. 40 

The entrapped compound, which has the same 
charge as the counterion, may be loaded into the micro- 
particles at high concentration due to the high coeffi- 
cient of partitioning of the compound into the charged 
matrix. The method is useful, for example, for storing 45 
polypeptides at a high concentration, without loss of 
activity due to denaturation by lyophilization, or proteol- 
ysis or other 60lution-related degradation. 

The condensed-phase particles may be used for 
rapid compound release in therapeutic applications, or so 
for rapid release of chemical-reagent compounds, such 
as diagnostic reagents, in chemical-reaction applica- 
tions. When used in therapeutic applications, the con- 
densed-phase microparticles have preferred sizes in 
the size range 0.05 to 0.5 fim. ss 

In still another aspect, the invention includes a com- 
pound-release composition comprising a suspension of 
condensed-phase microparticles having average sizes 



detailed description of the invention is read in conjunc- 
tion with the accompanying drawings. 

Brief Description of the Figures 

Fg. 1 shows a generalized structure of a sulfated 
comb-polymer glycoprotein used in forming a poly- 
mer-matrix microparticle in accordance with the 
invention; 

Figs. 2A and 2B show the bactoone structure of a 
heparin sulfate proteoglycan polymer (Fig. 2A), and 
the side chain structure of the same polymer (Fig. 
2B); 

Fig. 3 shows a crosslinMng reaction used in forming 
a crosslinked polymer matrix for use In the inven- 
tion; 

Figs. 4A-4D illustrate steps in forming polymer- 
matrix microparticles by lipid encapsulation; 
Fig. 5 shows a plot of doxorubicin loading into 
decondensed microparticles; 
Figs. 6A and 6B are photomicrographs of a con- 
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densed-phase mast-cell (6A) and synthetic (6B) 
miorbpaHictes loaded with doxorubicin; 
Figs. 7A and 7B show the rate of release of doxoru- 
bicin from condensed-phase microparticles when 
stored in distilled water (7A), and when exposed to 
physiological saline (Fig. 7B); 
Figs. 8A-8H are light photomicrographs (8A, 8C, 
8E, and 8G) and fluorescent micrographs (8B, 8D, 
8F, 8H) of microparticles (i) before particle conden- 
sation (8A and 8B); (ii) after miaoparticle loading 
with fluorescent histamine (8C and 8D); (iii) after 
decondensing the fluorescent-loaded particle with 
Na + -containing medium (8E and 8F); and after a 
second particle condensation with unlabeled hista- 
mine (80 and 8H); 

Fig. 9 shews a diagnostic device employing a con- 
densed phase microparticle prepared in accord- 
ance with the invention; 

Rgs. 10A and 10B illustrate steps in preparing a 
condensed phase microparticle in a compound- 
release composition constructed in accordance 
with another embodiment of the invention; 
Rgs. 11A-11C illustrate steps in preparing a con- 
densed phase microparticle in a compound-release 
composition constructed in accordance with one 
embodiment of the invents on; 
Figs. 12A and 12B show a method of attaching pol- 
yethleneglycol polymer chains to the exterior sur- 
faco of a nrticroparticlo; 



ically sulfate, sulfonate, or carboxylate, or phosphate 
groups. Such polyanionic polymers or polymers fila- 
ments are also referred to herein as "sulfated, sul- 
fonated, carbaxytated, or phosphated" polymers or 

5 polymer filaments, respectively. 

"Polycationic polymere" or "polycationic polymer fil- 
aments" are polyionic polymers in which the charged 
subunits are ionizable, positively charged subunits, typ- 
ically primary, secondary or tertiary amine groups, or in 

w which the charged subunits contain quaternary amine 
groups. 

"Polyionic hydrophflic polymers" are polyionic poly- 
mers which are soli&e in an aqueous solution, at a 
selected pH between about 3-10, preferably having a 
is partition coefficient expressed as log n-octanol/water, 
of less than zero. 

"Comb polymers" or "comb-polymer f flaments" are 
polymer filaments composed of a polymeric backbone 
chain and a plurality of polymer side chains attached to 
20 the backbone polymer at spaced positions along the 
backbone chain, and radiating outwardly from the back- 
bone chain. 

A "comb-polymer glycoprotein" refers to a comb 
polymer having a polypeptide backbone chain to which 
25 is attached, at spaced positions along the polypeptide 
chain, a plurality of anionic polysaccharide ode chains. 

A "sulfonated, sulfonated, carboxylated, or phos- 
phated comb-polymer glycoprotein" refers to a polyani- 
enie — comb - po l ym er — g l ycoprote i n — in — which — #*e- 



Fig. 13 shows an encapsulated microparticle for so polysaccharide side chains carry sulfate, sulfonyl, car- 



use in a compound-release composition formed in 
accordance with another aspect of the invention; 



boxyl, or phosphate groups, respectively, at one or more 
sugar residues. 



Figs. 14A-14C illustrate the activation of an encap- 
sulated microparticle like that shown in Fig. 13 
(14A) by cell lysis in the presence of antigen and 
complement (14B), and the cascade of events lead- 
ing to rapid released of entrapped compound in the 



*3ycosaminogl yeans" consist of d (saccharide 
repeating units containing a derivative of an amino 
35 sugar (glucosamine or galactosamine) where at least 
one of the sugars in the disaccharide contains a carbox- 
ylate or sulfate group. Exemplary pjycosaminoglycans 



micropartide's matrix (Fig. 14C); and 
Figs. 15A-15C illustrate attachment of an encapsu- 
lated microparticle (Fig. 15A) like that in Fig. 13 to 
the surface of a cell, with fusion of the microparticle 
and cell membrane (15B), and rapid decondensing 
of the micropartide's polymer matrix to release 
entrapped drug into the interior of the cell (1 5C). 

i* Pefinffions 

As used herein, the terms below have the following 
definitions unless indicated otherwise. 

"Polyionic polymers" or "polyionic polymer fila- 
ments" are polymers containing multiple charged subu- 
nits (subunits containing at least 1 negative or positive 
charge at a selected pH between about 4-10), and hav- 
ing a net negative (polyanionic) or net positive (polycati- 
onic) charge at the selected pH. 

"Polyanionic polymers" or "polyanionic polymer fila- 
ments" ar polyionic polymers in which the charged 
subunits are ionizable, negatively charged subunits. typ- 



include hyaluronate, chondroitin sulfate, keratan sulfate, 
heparin sulfate and heparin. 
40 "Proteoglycan" refers to a polypeptide backbone to 
which is attached multiple anionic heteropolysaccharide 
. sidechains which are generally glycosaminoglycans. 

A "crosslinked polymer matrix" is a matrix of poly- 
mer filaments in which the filaments are crosslinked by 
45 covalent crosslinking between and/or among filaments 
by afunctional or polyfunctionai crosslinking agents, or 
crosslinked by ionic bonds between ionic groups on the 
polymer filaments and multivalent oppositely charged 
crosslinking species. 
so A "multivalent solute spedes" is a divalent a multi- 
valent anionic or cationic solute spedes. 

"Polyvalent counterions" are multivalent solute spe- 
des each containing at least 3 charged groups (of the 
same charge), typically amine or carboxyl charged 
55 groups. Included in this definition are polypeptides, 
such as polylysine or polyaspartate, or proteins contain- 
ing a charged side chains, and nonpeptide polymers, 
such as pdyquaternary amines, having a high density 
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of positively or negatively charged monomer units. 

A "monovalent counterion", a "divalent counterion", 
or a "multivalent counterion" is a monovalent, divalent, 
or multivalent ionic species, respectively, whose charge 
is opposite to that of the charge of the polymer matrix. 
In a matrix formed of polyanionic filaments, the counte- 
rion is a cationic species, and in a matrix formed of poly- 
cationic filaments, the counterion is an anionic species. 

"Polyvalent oounterions" are multivalent counteri- 
ons containing at least 3 charged groups (of the same 
charge), typically amine or carboxyl charged groups. 
Included in this definition are polypeptides, such as 
polylysine or polyaspartate, or proteins containing a 
charged side chain, and nonpeptide polymers, such as 
polyquaternary amines, having a high density of posi- 
tively or negatively charged monomer units. 

"Micropartides" refer to particles which are formed 
of a crosslinked potyionic polymer matrix, and which 
have condensed-state sizes in the range between about 
0.05 to 50 jim (nmeter), preferably 0.05 to 5 jim dime- 
ter). 

"Condensed-phase microparticles" or "condensed- 
state microparticles" refers to micropartides in a con- 
densed or collapsed phase. The matrix in a collapsed 
phase preferably contains less than about 30 percent by 
volume water. 

"Decondensed-phase microparticles" or 
"decond ensed -state microparticles" refers to micropar- 
t i c l es i n a n expa n ded d ec o n d ens ed p h a se i n wh ic h th e 



5-15 percent by volume. The condensed-phase micro- 
partides have preferred average sizes in the size range 
between 0.05 and 50 ^m (micrometer), preferably 0.05 
to 10 pm, and 0.05 to 0.5 \im for therapeutic uses. 

5 

A. Isolation Qf Miproparfcles 

Micropartides suitable for use in the methods and 
compositions of the invention may be Isolated from one 
io or more suitable biological sources, including cultured 
cells, as described below. In certain embodiments of the 
invention, microparticles are isolated as the intact cores 
of secretory granules. Such granules are typically com- 
posed of a membrane surrounding a core of highly 
is charged biopolymers. Proteoglycans, as found in mast 
cell granules are particularly preferred for forming poly- 
mer-matrix micropartides for use in various embodi- 
ments off the invention descrtoed herein. Glycoproteins, 
such as form mucous, may also be useful in forming 
20 microparticles for certain applications. 

Secretory granules can be obtained from mast 
cells, goblet cells, chromaffin cells and other secretory 
cells, according to the particular biopolymer and chemi- 
cal properties required. For example, goblet oell gran- 
25 ules contain mucin, a mixture of linear polyanionic 
glycoproteins, whereas mast cell granules contain 
heparin proteoglycans, which contain ester sulfate 
groups. Biopolymers isolated from each of these 
s ou rces hav e d iff e r e nt ch a r a cteristics . M u c i n - cont ai ning 



partide matrix is open to diffusion of small molecules 30 granules decondense to form a diffuse gel, while mast 



into and out of the matrix. 

The "effective concentration" of a compound in a 



cell-derived heparin proteoglycan partides maintain a 
particulate form following decondensation. Intestinal 
mucin has been used as a gelling agent to encapsulate" 
biologically active substances by mixing such sub- 
35 stances with intestinal mucin, preferably in the presence 
of alginate and caldum (EP-A-0 426 463). Other secre- 
tory granule derived materials indude, but are not lim- 
ited to chromogranin A from chromaffin granules of the 
adrenal medulla and acidic protein SP-1 from parathy- 
40 roid granules. In addition, polyanionic chromogranin A- 
like matrices are present in secretory ceils of the thy- 
roid, pancreatic islet cells, sympathetic ganglia, anterior 
pituitary and gastric antrum. 

Preferred isolation techniques for secretory gran- 
45 ules from cell6 include homogenizing the cells with a 
mechanical homogenizer, treating the cell6 with deter- 
gents, rupturing the cells by sonication, or combinations 
thereof. The homogenizing or sonicating conditions may 
leave the granule membranes substantially intact on the 
so granules. Alternatively, cells may be stimulated to 
release the secretory granules, such as by contact with 
a releasing agent. 

Preferably, to form biological micropartides for use 
in the invention, the mast-cell membranes will be 
55 removed, either during the isolation process, or by 
detergent means thereafter, as described for mast cell 
granules in Example 1 . After the secretory granules are 
released from the ruptured cells, the panules are then 



condensed-phase micropartide, expressed in mM, is 
the concentration of the compound expressed as moles 
compound/volume condensed-phase micropartide, cal- 
culated from the known size of the condensed-phase 
partide. 



II. Polymer-Matrix Microparticles 

This section describes the preparation and proper- 
ties of polymer-matrix micropartides used in various 
aspects of the invention. 

The micropartides are composed of crosslinked 
polyionic filaments, and preferably a crosslinked net- 
work of polyanionic filaments, such as sulfated, sul- 
fonated, or carboxylated pdymers, including comb- 
polymer glycoproteins. Exemplary polymer fiaments, 
and methods of preparing the crosslinked matrices, 
either by isolation from biological sources, or by syn- 
thetic means, will be described below. 

According to an important aspect of the invention, 
the partides can be cyded rapidly between condensed 
and decondensed states or phases, by changing the 
ionic environment of the microparticles. In the con- 
densed phase, the micropartides are relatively dense 
and opaque, and preferably contain less than about 30 
percent by volume water, and preferably less than about 
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separated from the cell debris by centrlfugation in a 
density gradient for example, a sucrose graSent or a 
metrizamide gradient Such cell rupturing and centr le- 
gation procedures are well known in the art. 

Preferred secretory granules for isolation of poly- 
mer-matrix micropartides include mast cell granules. 
Mast cells can be obtained from the peritoneal cavity of 
various rodent species. Adult beige mice (bg J /bg J . Jack- 
son Laboratories, Bar Harbor, ME) are particularly con- 
venient sources of such cells, as described in Example 
1 . Cells are collected by peritoneal lavage, and the iso- 
lated cells are equilibrated in an isosmotic "extracellu- 
lar" solution. Cells are stimulated to secrete granules, by 
use of a secretagogue, such as compound 48/80, or by 
mild sonication, as detailed in Example 1. 

These alternative methods of stimulating release of 
granules from secretory cells result in differences in ini- 
tial appearance of the granules. Granules released by 
stimulation with Compound 48/80 decondense rapidly 
upon release, but can be recondensed to within 5% of 
original intracellular volume by immersion, for example 
in a solution containing 50 mM histamine. pH 3. Gran- 
ules isolated by mild sonication retain an intact granule 
membrane and their condensed form. Membranes 
enclosing the granules may then be removed by con- 
ventional techniques such as detergent treatment (e.g., 
Triton X 100) or strong sonication. 

Mucin containing secretory granules may be iso- 
lat e d from se cretory c ells l ocat e d i n th e r es p i ratory sys- 



1 . Prepolymerized ionic polymer filaments. 

In one embodiment the microparticies are pre- 
pared by crosslinking existing ionic polymer filaments. 
5 Polymer filaments that are suitable include sulfated, sul- 
fonated, carboxylated, or phosphated hydrophilic poly- 
mers, in forming negatively charged polymer matrices, 
and amine<ontaining hydrophilic polymers, in faming 
positively charged polymer matrices. 
10 Preferred polyanionic polymer filaments include 
sulfated proteoglycans, e.g.. sulfated heparin, and other 
sulfated polysaccharides, such as sulfated cellulose or 
cellulose derivatives, carrageenin and dextran sulfate, 
mucin, sulfated polypeptides, such as polylysine with 
is sulfated amine groups, and glycopepttdes with sul- 
fonate-derivatized saccharide or peptide subunits. and 
hyaluronic acid. 

One type of preferred polyanionic polymer filament 
includes sulfated, sulfonated, carboxylated, or phos- 
20 phated comb-polymer glycoproteins. The basic struc- 
ture or this type of polymer is shown in Fig. 1. The 
polymer, indicated at 20, generally includes a polymeric 
backbone 22, such as a polypeptide, such as one hav- 
ing repeating subunits, such as repeating amino acid 
25 subunits. Attached to the backbone, at attachment 
points spaced along the backbone, are a plurality of 
pbl^ccharide side ~ch^hs,~such as side "chains 24. 
The side chains carry negatively charged sulfate 
group s, a s shown , typic all y sev e ra l p er ch a in , but a n 



tern called "Goblet" cells. When released from the 30 average of at least about 1 negatively charged group 



granules, mucins undergo massive swelling to form a 
gel in aqueous solution (Verdugo). Mucin particles can 



per chain. 

Where the backbone polymer contains amino acid 



be isolated from primary cultures of Goblet cells from 
rabbit trachea, according to standard methods. Such 
cultured cells spontaneously degranulate in a manner 
similar to mast cells. Upon release from the cell, mucin- 
containing granules sweD rapidly for 5-1 0 sec. The gran- 
ules generally anneal with each other in the extracellular 
fluid. The swelling process can be retarded significantly 
by elevation of calcium content in the extracellular 
medium (Verdugo). 

B. Synthetic Microparticies 

Polymer-matrix microparticies having the rapid con- 
densation^ econdensation properties described above 
can also be made synthetically by a variety of methods. 
The microparticies are made by cross-linking polyionic 
hydrophilic polymers under conditions which lead to 
cross-linked matrices in the 0.05 to 50 jim, preferably 
0.05 to 5 jim particle-size range, when the particles are 
in their condensed phases. 

C. Filament Preparation and Crosslinking 

Below are descrtaed two general methods for pro- 
ducing polyionic filament components in the microparti- 
cies. 



residues, the subun'rt side chains may have a variety of 
selected chemically reactive groups, such as a hydroxy!, 
35 carbaxy, or amino groups, by which the side chains of 
the comb-polymer can be attached to the polymer, such 
as illustrated for the SER-QLY repeat backbone shown 
in Fig. 2A. 

If the comb-polymer can be prepared de nOYO, a 
40 variety of coupling reaction are available for attaching 
the side chains covalentiy to the backbone polymer. In 
general, this is done by activating one end of the 
polysaccharide side chains, and reacting the activated 
chains with a backbone under conditions effective to 
45 couple the activated chains to corresponding reactive 
side-chain groups on the polypeptide or other polymer 
backbone. Coupling reactions suitable for coupling to 
carboxy, hydroxy!, amino, or 6ulfhydry1 groups are well 
known. 

so The percentage of backbone reactive groups, and 
the relative lengths and stoichiometry of the polymer fil- 
ament backbone chain and side chains, is preferably 
such that the carnb-poJymer preferably includes at least 
about 80-95% by weight polysaccharide components. 

55 One prefened sulfated comb-polymer glycoprotein 
is heparin sulfate proteoglycan, whose structure is indi- 
cated in Fig. 2A. As seen, the polymer (indicated at 26) 
has a polypeptide backbone 28 composed of repeating 



6 



11 



EP 0 684 812 ft 



12 



SER-GLY clipeptlde subunits, with heparin chains, such 
as side chains 30, attached to the backbone at some of 
the SER residues, through the SER hytiraxyl group. A 
portion of a heparin side chain is shown in Fig. 2B. 

Proteoglycan polymer filaments of this type may be 
synthesized following known methods, such as those 
outlined above. Alternatively, some proteoglycan fila- 
ments, such as heparin sulfate proteoglycan, can be 
obtained by isolation from biological sources. 

The preformed filaments may be crosslinked by 
brfunctional or multifunctional crosslinking agents effec- 
tive to form intermolecular links between the laments. 
In one general embodiment, the crosslinking agent may 
be a long, hydrophitic polymer chain, such as a polyeth- 
yleneglycd (PEG) chain, having activated end groups 
effective to form covalent linkages to selected reactive 
groups on the polysaccharide side chains of the poly- 
mer fOaments. 

Fig. 3 illustrates one exemplary crosslinking reac- 
tion in which carboxyt groups in sulfated heparin side 
chains, such as shown at top in the figure, are linked by 
an activated diamino-PEG molecule, as indicated. 
Methods for activating crosslinking agents of this type, 
and for crosslinking polymer filaments by the activated 
agents, are well known (Wong, Antonietti, Huang, 
Funke). Alternatively, the carboxyl groups may be acti- 



omers, such as methylene-bls-acrylamide ordivinyfben- 
zene (e.g., Okubo, Arshady, Kreuter), or by crosslinking 
through polymer chains, as above. 

In both of the approaches discussed above, the pol- 

5 ymer filaments may be modified, before or after 
crosslinking to form microparttcles, to introduce 
charged groups, and/or binding groups on the filaments. 
Thus, the initial microparticle may be formed of substan- 
tially uncharged filaments as long as the filaments con- 

10 tain groups that can be modified to form the desired 
charged group. 

Similarly, the charged groups can be introduced by 
forming the microparticle to include a ligand-specifc 
binding agent such as lectin, and introducing the com- 

15 plement of the binding agent, eg. , sulfated heparin, into 
the matrix after particle formation (Tanaka). 

The polymer filaments can be constructed and/or 
modified after particle formation to achieve desired 
characteristics. For example, when the polymer matrix 

20 is to be condensed or deoondensed within a desired pH 
range, the polymer is prepared to include the charged 
grotp, e.g., carboxyl group or amine group, whose pK a 
is within such pH range. 

Similarly, where the polymer matrix is to be used in 

25 delivering selected biological or chemical ligand spe- 
cies, preferably charged species, the micro particle is . 



vated, for reaction with free amine groips in the 
crosslinking polymer. 

The cro s sl i nking reaction i s pref e rably on e w h i ch 

can be initiated by heat, e.g., by raising the temperature 30 D. Microparticle Formation 



formed to include binding molecules capable of binding 
the ligand specifically and with high affinity. 



of the reaction by infrared irradiation, or by radiaton, 
such as visible light, UV or X-Jrradiation, according to 



Several methods are available for forming micropar- 



kncwn polymer forming reactions. 
2. Polymer synthesis 

In another general embodiment the charged poly- 



35 



tides having desired sizes in the size range 0.05 and SO 
jim, preferably 0.05 to 0.5 \ur\. These include: 

1. Emulsion Polymerization 



mer filaments are formed de novo in a polymerization 
and crosslinking reaction. A variety of monomer sys- 
tems for forming crosslinked microparticles have been 
proposed, for example vinylpyridine, 2-hydroxyethyl 
methacrylate, acrylamide, dimethylacrylamide, acro- 
lein, pory(N-isopropyiacrylamide, amino acid mono- 
mers, saccharide monomers, alkylcyanoacrylates, 
glycidyl methacrylate, and hyaluronic acid (e.g., Wu, 
Arshady, Margel, Okubo, 1992a, 1992b; Kreuter, Kamei, 
Fujimoto, Yui, and Hosaka). 

These monomers are mixed with selected charged- 
group monomers, such as methacrylic acid, vinyl mono- 
mers having carboxyl or amine groups (Arshady) or 
monomers in which the reactive group has been con- 
verted to a sulfate, sulfonate, or phosphate group, by 
standard reaction methods. Typically, the charged mon- 
mer will be included in a range from about 5-50 mole 
percent of uncharged monomer, although the polymer 
may be formed entirely from charged monomer units. 

Trie polymerized chains may be crosslinked by free 
radical polymerization, by inclusion of crosslinking mon- 



In this method, monomers are dissolved in a contin- 
uous aqueous phase also containing emulstfier micelles 

40 plus excess free monomer stored in large droplets in 
suspension. Polymerization reactions, such as by addi- 
tion of an initiator molecule or high-energy radiation, 
leads to polymerization in the regions of the micelles. 
Phase separation and formation of solid particles can 

45 occur before or after termination of the polymerization 
reaction. Particle size can be controlled by monomer 
density, micelle density, and polymerization conditions 
(Kreuter, Cadan, V^nderhoff). As with several of the 
published methods cited herein for microparticle prepa- 

so ration, it will be appreciated that the published method 
may need to be modified to include a desired percent- 
age of charged monomers, as discussed above. 

2. Emulsion Polymerization in Continu us Organic 
55 Phase 

In this method, water-soluble monomers are added 
to a water-in-oil emulsion stabilized by a surfactant, 
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under conditions that polymerization is initiated in the 
aqueous phase droplets (Kreuter). 

3. Precipitation Polymerization 

Precipitation polymerization involves polymeriza- 
tion starting from a monomer solution in which the poly- 
mer (or microparticle) is insoluble (KawagucW, 1991, 
1992, 1993, Pelton, 1986. 1988, Tai). Typically in this 
method, polymerization of monomers in solution is 
allowed to proceed until desired size polymer flaments 
are formed, usually under conditions of vigorous mixing. 

This method (following Kawaguchi) was followed in 
preparing synthetic microparticles described in several 
drug-loading and condensation studies reported below, 
where the crosslinked polymers described in the refer- 
ence were prepared to include carboxylated subunits. 
The polymer mixture included methacrylic acid (10 
mmoiynitrophenyl acrylate (10 mmol)/methylene bis 
acrylamide (5 mmol)/ethanol (35g), employing 0.75 g 
initiator AIBN. The reaction was carried out at 60°C for 
22 hours under nitrogen. The particle may be treated by 
reaction with ethylene diamine 100 eq/1 eq particle at 
room temperature for 48 hours. 

4. Encaps ulated polymer method r ._. 



In this method, a polyanionic, hydrophilic polymer is 
crocclink e d in an encapsu l ated form, fol l owod by 
removal of the encapsulating membrane to leave cross- 



linked, decondensed particles of a desired final size. 
The method is illustrated in Figs. 4A-4P for the prepare 



selected size range, e.g., 0.5 microns. At the same time, 
or in a separate step, theTfxfsomes are separated from 
bulk-phase polymer material, to produce a suspension 
41 of liposomes in a polymer-free aqueous medium, as 

s shown in Fig. 14B. 

The liposome suspension is now subject to heat or 
irradiation treatment to initiate crosslinking of the encap- 
sulated polymer suspension, as shown in Fig. 4C, 
according to standard methods such as outlined above. 

10 The cross-linked matrices, such as matrix 42, have the 
approximate sizes of the encapsulating liposomes. 

In the final step, shown in Fig. 4D, the suspension is 
treated to remove the encapsulating liposome mem- 
branes, leaving a suspension 44 of the crosslinked par- 

15 tides, such as particle 46. Membrane dissolution may 
be produced by detergents, organic solvents, or the like. 
The microparticles may be separated from the lipid and 
lipkJ-sdvent components by filtration or the like, then 
resuspended in an aqueous medium for further 

20 processing. 

5. Gelatin Dispersion 

This is a specific embodiment of a more general 
25 approach in which the polymer filaments or monomer 
subun its us ed in fo rming the microparticles are mixed 
with a suspension of proteins, such as agar, gelatin, or 
albumin (Kreuter, Tanaka). One method employs algi- 

nato p l us Ca+ 2 i n produc i ng tho particloc. Tho m i xturo ic 

30 then dispersed under conditions effective to produce 



tion of particles using encapsulating lipid vesicle mem- 
branes. 

Initially, and with reference to Fig. 4A, an aqueous 
solution or suspension of the polymer and cross-linking 
agent (aqueous polymer medium) is encapsulated in 



desired sized particles containing the mixture compo- 
nents. In the case of gelatin containing particles, the 



mixture may be cooled during the dispersion process to 
produce gelled particles having a desired size. 
35 The particles are then treated under polymerization 
and/or crosslinking conditions, preferably under condi- 
tions that do not also lead to crosslinking of gelatin mol 



lipid bilayer vesicles. A variety of vesicle-forming meth- 
ods, such as lipid hydration, reverse-phase evaporation, 
solvent injection, and freeze-thaw methods are availa- 
ble for encapsulating aqueous material in lipid vesicles. 

In a preferred method, the aqueous polymer 
medium is used to hydrate a dried lipid film formed of 
vesicle-forming lipids, 6uch as a mixture of phosphati- 
dylcholine (lecithin) and cholesterol. The hydration is 
carried out under mild agitation, to form liposomes with 
heterogeneous sizes between about 0.05 and 20 
microns. The suspension, indicated at 36 Fig. 4A, con- 
tains liposomes, such as liposome 38 with encapsu- 
lated polymers, such as polymers 40, as well as 
polymers in the bulk phase of the suspension, as 
shown. 

The liposome suspension may be sized, as by 
extrusion through a polycarbonate membrane or the like 
to reduce the largest liposomes to a desired upper size, 
e.g.. 2-5 microns. Following this, the suspension may be 
further size fractionated, for example, by molecular 
sieve chromatography, to remove liposomes below a 



ecules to the polymer structure. After microparticle 
formation, the gelatin molecules may be removed from 
40 the structure, with such in a decondensed form, e.g. , by 
heating tie material or enzymatic digestion. 

Other methods for forming microparticles have 
been reported, and are contemplated herein for use in 
preparing charged-pdymer microparticles having the 
45 properties and characteristics cBscussed above. 

Polymer-matrix microparticles having the rapid con- 
densation/decondensation properties described above 
can also be made synthetically by a variety of methods. 
The microparticles are made by forming cross-linking 
so poiyionic hydrophilic polymers under conditions which 
lead to cross-linked matrices in the 0.05 to 50 jim, pref- 
erably 0.05 to 5 jim partide-size range, when the parti- 
cles are in their condensed states. 

55 III. Condensed-Phase Microoar tfcles for Compound 
Storage 

In one aspect the invention indudes a method of 
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storing a compound, typically an unstable hydnophQfc 
compound, but also inducing stable aSS^H^SfopH^ki 
compounds, as discussed below. The method includes 
infusing the compound into polymer microparticles of 
the type described above, with such in a decondensed 
phase, and after compound infusion into the open parti- 
cle matrices, adding multivalent counterions to the 
medium under conditions effective to fully condense the 
microparticles. 

When the microparticle formed in accordance with 
the above methods is suspended in a decondensing 
aqueous medium, typically one containing a 10-200 mM 
concentration of monovalent counterions, it is fully 
hydrated and has a size that is typically 3-4 times larger 
than the desired condensed-phase particles. 

With addition of a multivalent courrterion. such as 
Ca +2 or histamine in the case of a poiyanionic polymer 
matrix, the particle will be forced into a condensed 
phase. 

In their condensed phase, the microparticles are 
substantially dehydrated, and have a water content that 
is less than about 30 percent, preferably less than about 
5-15 percent by volume of water. 

To determine the approximate water content of the 
microparticles in their condensed phase, the size of the 
partides can be compared before and after complete 



Insulin, cytokines, and a large number of enzymes. Pep- 
tides or proteins may be unstable due to aggregation on 
storage or on drying, denaturation on freezing or drying, 
dissociation into inactive subunits, proteolysis in sdu- 

s tion, free-radical or oxidative damage that occurs on 
storage, progressive inactivation in the absence of criti- 
cal factors or co-factors, or inter molecular crosslinking 
or polymerization. 

Still another general class of compounds suitable 

10 for the invention are the water soluble vitamins, such as 
flavin-containing vitamins and ascorbate. 

Other general classes of water-soluble compounds 
that are difficult to store in solution or on dehydration, 
such as free-radical initiators, dyes, and unstable water- 

is soluble organic compounds are also contemplated. 

Trie compounds are preferably ionized or ionizable 
at a selected pH, and have a net charge in an ionized 
form which is opposite to that of the charged groups on 
the matrix filaments. In the case of a particle matrix 

20 formed of poiyanionic filaments, the compounds have 
charged or ionizable amine groups that provide a posi- 
tive charge to the compound at a selected pH, prefera- 
bly between pH 6-10. Where the compound is a 
polypeptide, the number of positively charged amine 

25 groups should be in substantial excess of the number of 
negatively charged carboxyl groups. 



hydration, e.g., by suspending the particles in 100% 
ethanol. Particles which by this criterion typically oon- 
tain less than about 30% by volum e , pref e rably less 



Similarly, where the compound has a negative 
charge at a selective pH, such as ascorbate, or nega- 
tiv el y charg e d polyp e ptid e s , th e m ic ro pa rticl e m a tr ix is 



than about 5-15% by volume of entrapped water, are 30 formed of polycationic filaments. 



suited for use in the method. 

In practicing the method, particles prepared and 



To prepare the condensed-phase microparticles, 
the compound to be stored is mixed in an aqueous 
medium with a suspension of microparticles in a 
decondensed phase. The concentration of compound in 
35 the suspension is typically between about 0.05 and 10 
mM. The concentration of microparticles is preferably 
such as to allow substantially complete saturation of the 
matrix charge groups by the charged compound. This 
should occur at an effective compound concentration of 
40 up to 100-500 mM or greater for small drug molecules, 
and at a proportionately smaller concentration for multi- 
valent species, such as polypeptides 

The ionic composition of the medium is such as to 
retain the microparticles in a decondensed condition, 
45 preferably including a low concentration of monovalent 
counterions, e.g., 10-200 Na + . Trie pH of the medium is 
preferably between the pKa of the matrix polymer fla- 
ment charge groups and the pKa of the compound 
charge group(s), insuring that both groups will be 
so charged and capable of forming electrostatic bonds with 
one another. 

The mixture is allowed to incubate, e.g., at room 
temperature, until the matrix has become fully saturated 
with the compound. The kinetics of compound uptake 
55 into th drug may be followed by a variety of standard 
methods, e.g., by removing aliquots of suspension at 
periodic intervals, condensing the particles, washing 
the particles to remove non-entrapped drug, and assay- 



selected as above are suspended in an aqueous 
decondensing medium in the presence of the 
hydrophiiic compound to be stored. The compound is 
typically one which cannot be stored or is difficult to 
store either in solution or in a dehydrated form. The 
compound may be difficult to store either because it 
loses its activity, or forms undesired side products, or 
tends to aggregate or otherwise loses its solute proper- 
ties when stored in an aqueous medium or when dehy- 
drated, e.g., by lyophilization. 

One general class of compounds suitable for use in 
the method are small, water soluble drug molecules, as 
exemplified by aminoglycoside anttoiotics, such as dox- 
orubicin or daunorubicin. The aminoglycoside com- 
pounds tend to promote, and in turn undergo, free 
radical reactions that lead to a loss of activity and/or 
appearance of more toxic side products. Other small 
drug compounds, particularly those capable of chelat- 
ing iron or other metals, those capable of absorbing vis- 
ible light, and those capable of acting as substrates for 
contaminating enzymes, such as esterase, may also 
show instability on storage in solution and/or in a dehy- 
drated form. 

A second general class of compounds suitable for 
use in the invention are polypeptides, including both 
peptides and proteins, such as peptide hormones, e.g., 
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ing the condensed particles for the presence of 
^a^^ impound. 

After a desired loading level is reached, preferably 
at or near saturation, the matrix is condensed by addi- 
tion of multivalent cations, such as Ca +2 and/or hista- s 
mine. The final concentration of condensing courrterion 
is preferably between 5-100 mM. 

Fig. 5 shows a plot of uptake of doxorubicin into 
crosslinked heparin microparticles, such as isolated in 
accordance with Example 1. At an compound concen- 10 
tration of 0.5 mM, compound loading to a final effective 
concentration of about 200 mM was achieved after 30 
minutes. At a compound concentration of 0. 1 mM, load- 
ing to the same level was achieved after about 45 min- 
utes. Similar results were obtained with synthetic 15 
microparticles. 

As seen from the above, the charged drug com- 
pound partitions into the microparticles with a partition 
coefficient with respect to the aqueous medium, of over 
1 ,000. Thus, according to one advantage, the method of 20 
the invention provides a compound-concentrating effect 
for loading high levels of compound into the particles 
from a low aqueous loading concentration. 

The effective concentration of compound in the 
loaded microparticles may be several times greater than 2s 
the maximum solubility of compound in the aqueous 



the aqueous medium, causing condensation of the par- 
tides (8C). The fluorescent label In the condensed- 
phase particles observed on condensation was retained 
in a probe-free solution (8D) indicating that the 
entrapped histamine was not freely diffusible. 

When the condensed-phase microparticles from 
above were suspended in a Na + -containing medium, 
the particles quickly decondensed (8E) and the 
entrapped fluorescent label quickly diffused away (8F). 
A new cycle of condensation, this time by unlabeled his- 
tamine caused particle condensation (8G), but failed to 
increase fluorescence in the condensed-phase parti- 
cles (8H), confirming that labeled histamine was indeed 
released from the particles after decondensation. 

After particle condensation, the particles may be 
further processed to achieve desired solubility proper- 
ties and storage conditions. Since the condensed- 
phase particles have excluded much of the water of 
hydration, the condensed particles may be treated at 
this stage to increase their surface hydrophiticity. For 
example, the particle surfaces can be chemically deriva- 
tized with hydrophilic moities, such as short hydrophilic 
polymer chains, according to known chemical derivati- 
zation methods. More simply, the condensed-phase 
particles can be incubated with a surfactant, such as a 
bile salt or fetty-acyl-PEG or cholesterol-PEG sur- 



loading medium. This is true particularly in the case of a 
compound with lipophilic character, since the con- 
d e n se d phas e ma t rix wi ll pr o v ide a l o w - hy dr ati on en v i- 



ronment. 



factant, under conditions effective to cause partitioning 
of the surfactant into the outer surface of the microparti- 

d e , w it h the h yd ro phi li c moiet y of t h e su rf a c tan t bei n g 

30 exposed to aqueous medium. Surfactants of this type. 



Figs. 6A and 6B show heparin cross-linked micro- 
partides from mast cells and synthetic microparticles, 



having PEG chains in the 1 ,000-5,000 dalton range are 
commercially available. The PEG coating may serve the 



respectively, after loading with daxorubion. The size of 
the condensed pdymers is about 3 \im for the heparin 
matrix particle, and about 2 \sm for the synthetic poly- 35 
mer. 

Typically, the partides in the condensed state have 



additional function, in a parenteral therapeutic composi- 
tion, of extending the blood drculation time of the PEG- 
ooated, condensed-phase partides. 

Alternatively, a coat of hydrophilic material, such as 
poMvsine or other polypeptide can be formed on the 



volumes which are about 1/5-1/3 those of the 
decondensed particles, and have a water content 
between about 5-30% by volume of the particle. As indi- 40 
cated above, the residual water volume of the con- 
densed-phase partides can be estimated from the 
reduction in size or weight after dehydration, e.g., by 
ethanol extraction. 

In another embodiment the compound to be stored 45 
is itself a multivalent counterion capable of condensing 
the matrix. Histamine is example of a small drug com- 
pound of this type. Small cationic or anionic polypep- 
tides are other examples of compounds that are desired 
to be stored, and which also serve as condensing so 
agents. Figs. 8A, 8C, 8E, and 8G show light photomicro- 
graphs and fluorescent photomicrographs (8B, 8D, 8F, 
and 8G) microparticles treated under various conden- 
sation and decondensation conditions. In 8A and 8B, 
micropartides (prepared as in Example 1) were sus- ss 
pertded in an aqueous medium. pH 3.5, under condi- 
tions of decondensation. The particles were then 
loaded with fluorescent-labeled histamine, 150 mM in 



condensed partides. One method for forming a protein 
polyvalent peptide coat on a condensed micropartide is 
described in Section IV. 

Finally, in preparing the particle for storage, the 
composition may be washed for storage in an aqueous 
condensing medium, filtered or centrif uged to remove 
aqueous suspension medium, for storage in a con- 
densed, partially hydrated form, or dehydrated, e.g., by 
lyophilization, for storage in a dried form. In another 
embodiment the condensed-phase partides may be 
stored in an aqueous medium, preferably after washing 
the partides to remove the aqueous loading medium. 

According to another important aspect of the inven- 
tion, it has been discovered that the partides remain in 
a highly condensed form in aqueous suspension, show- 
ing little or no compound leakage from the condensed- 
phase partides, even after an extended storage period. 

Fig. 7A shows a plot of doxorubicin release rate 
from condensed-phase micropartides stored in distilled 
water. As seen, the half-life of drug release from the par- 
tides is about 1 hour, even though the distilled water 
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medium is itself incapable of causing condensation of 
decondensed particles. The study illustrates the limited 
degree of diffusion of counterion and drug from the con- 
densed-phase particles. When the particles are stored 
in partially dried form, or in an aqueous medium with 5 
condensing counterions, the particles may be stored 
without appreciable leakage over several weeks to 
months 

When the condensed-phase are suspended in 150 
mM Na\ i.e., decondensing conditions, the drug is rap- 10 
idly released from the particles (Fig. 7B). 

A composition containing the condensed-phase 
particles with entrapped compound is useful in thera- 
peutic applications, as drug-delivery particles for 
parenteral, oral, or topical drug delivery. In parenteral 15 
use, the condensed-phase particles have the advan- 
tage first that a high concentration of water-soluble drug 
can be administered without severe osmotic effects at 
the site of administration, since the condensed-phase 
particles are essentially nonosmotic until they 20 
decondense and release drug. 

Secondly, the compound can be stored, either in 
dry-particle or suspension form, with little loss of activity 
over an extended storage period. This feature is advan- 
tageous particularly for a variety of polypeptide which 2s 
may otherwise be unstable on long-tern storage. 

The particles are also useful in diagnostic appnca- 
tions, both as a stable storage form of a diagnostic rea- 
gent, and as a means for providing rapid release of 



The composition is also useful as a delivery vehicle 
for reagents In chemical w biochemical reactions, 
where the reagent is unstable on storage, or where it is 
desirable to introduce the reagent at a selected step in 
a reaction, e.g., by decondensing the particles with a 
monovalent counterion. 

IV. Delayed Release Panicle Composition 

In another aspect, the invention includes a com- 
pound-release composition formed of a suspension of 
microparticles having average sizes in a selected size 
range between 0.05 and 50 urn, preferably 0.5 to 5.0 
urn. For use in parenteral drug deliver, the microparti- 
cles preferably have sizes between 0.05 to 0.5 um 

Each micropartide is composed of a condensed- 
phase matrix of crosslinked polyionic polymer filaments 
capable of expanding to a decondensed phase in the 
presence of monovalent counterions. The matrix con- 
tains entrapped small molecules, such as therapeutic or 
reagent molecules, and polyvalent counterions, prefera- 
bly polyvalent polymer molecules, effective to delay the 
release of the small molecules from the microparticles, 
when the microparticles are exposed to monovalent 
counterions. 

In a related aspect the invention includes a method 
of delaying me release of small molecules entrapped in 
a condensed-phase polyionic microparticles of the type 
described above, hy condensing the microparticles, 



reagents under selected reaction conditions Fig. 9 30 



either partially or completely, with polyvalent counteri- 
ons selected to produce a desired rate of particle 
decondensation in the presence of monovalent courrte- 



shows a dry diagnostic test strip 42 composed or a ffcer 
mesh, and containing first and second compositions 44, 



46 of dried (partially hydrated) condensed-phase parti- 
cfes, such as particles 48 in composition 44, con- 
structed in accordance with the invention. The particles 35 
are immobilized in the mesh ftoers as indicated. 

The first composition contains a first assay reagent 
wnicn is released into tne strip on contact witn a tiuia 
sample, which contains a high concentration of mono- 
valent ions. The first reagent may be, for example, an 40 
antibody capable of reacting with the analyte of interest, 
or an enzyme capable of acting on the analyte to pro- 
duce an analyte-specif ic reaction product. 

After reaction of the sample fluid with the first rea- 
gent, migration of the sample along the strip Iead6 to 46 
release of a second reagent, producing a second reac- 
tion that is diagnostic for the presence of the analyte or 
analyte-derived molecules. Tne second reagent may 
be, for example, a dye or other reporter reagent. 

One advantage of the condensed-phase particle so 
composition in this application is the stable storage of 
reagent compound, such as enzymes, antibodies, and 
dyes in a diagnostics kit Another advantage is the rapid 
release of entrapped compound on contact with aque- 
ous medium or by other activating means, such as irrtr • 55 
duction of monovalent counterions. This is in contrast to 
the relatively slow release of particles in crystallized or 
aggregated form. 



non. 

In one general embodiment described in Section 
A, the polyvalent counterion is relatively small and 
capable of readily diffusing throughout the matrix, acting 
as the sole condensing agent In a second general 
emDodimem, oescnoed in beet on b, tne polyvalent 
counterion is poorly diffused into matrix, by virtue of its 
size or solubility properties, and is taken up in an outer 
shell region of the matrix only, with complete particle 
condensation occuring by a small multivalent counte- 
rion, such as Ca+ 2 . 

a. played Repass Mfrpparwefi 

Fig. 10A illustrates a decondensed polyionic matrix 
50 of the type described above, which in this embodi- 
ment is formed of crosslinked polyartionic filaments, 
such as f Baments, 52. The matrix is preferably infused 
with a small compound (not shown) which is to be deliv- 
ered from the particle. Compounds which are suitable 
for entrapment in condensed-phase microparticles are 
discussed above. 

The particles with infused compound are con- 
densed with a polyvalent counterion capable of diffusing 
through the matrix, with such in its decondensed form. 
In Figs. 10A and 10B, the condensing agent is a triva- 
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lent counterion indicated at 56. The condensing agent 
produces a condensed-phase particle, such as"ln3i-" 
cated at 58, with the condensing agent and entrapped 
small molecule distributed throughout the matrix, as 
indicated. An example of such a condensing agent is 
the peptide mastoparan, a 14-amino acid peptide hav- 
ing three positively charged groups. Other polycationic 
polymers, including other polypeptides with multiple 
lysine groups, or polyamine polymers, including poty- 
quaternary amines, are also suitable. The sizes of the 
polyvalent species is preferably less than about 5-10 
Kdaltons, and preferably has no more than about 5-10 
charged groups/molecule. 

The concentration of polyvalent condensing agent 
needed to produce full particle condensation may be 
substantially lower, with respect to the concentration of 
monovalent counterions. than is required for particle 
condensation with a divalent counterion, such as Ca +2 
or histamine. For example, 1 mM mastoparan is effec- 
tive to produce complete condensation of particles in 
the presence of 150 mM Na salt In general, the higher 
the valency, the more strongly the condensing agent 
can be expected to displace monovalent counterions in 
the matrix, and the lower the ratio of polyvaJent/monova- 
lent counterions that will be required for achieving parti- 
cle condensation. 



desired swelling rate In vitro is observed in a selected 
"swelling medium. As in the mastoparan example, the 
condensing agent itself, e.g., a charged polypeptide, 
may be the therapeutic molecule itself. 

5 

B Charge-Coated Microoarticles 

In another embodiment, illustrated in Figs. 11A- 
1 1C, the micropartides are condensed under conditions 

io effective to include the polyvalent species in an outer 
surface region only of the condensed microparticles. 

Fig. 1 1 A illustrates a decondensed polyionic matrix 
60 of the type described above, which in this embodi- 
ment is formed of crosslinked prjyanionic filaments, 

15 such as filaments, 62. The matrix is preferably infused 
with a small compound (not shown) which is to be deliv- 
ered from the particle. Compounds which are suitable 
for entrapment in condensed-phase microparticles are 
discussed above. The sector 61 in Fig. 11Ais shown in 

20 enlarged view in Fig. 11B. 

In this embodiment particle condensation involves 
two condensing agents. The first agent, illustrated in 
Fig. 11B, is a relatively large polyvalent species, such 
as polypeptides or other charged polymers, and indi- 

2s cated here at 64. This agent is effective to penetrate into 
the outer region of the matrix only. 



The particles are incubated with the condensing 
agent until complete particle condensation has 
occurr e d. Ac above, tho d e gr ee of condensat i on may b e 



The effect of the first condensing agent is to par- 
tially condense an outer surface region 66 of the matrix 
which now conta i ns bound polyva le nt molecules. Th e 



monitored by observing changes in size and or amount 30 second condensing agent is one capable of readily dif- 



of residual water present The time required for conden- 
sation may be on the order of several minutes or more, 



fusing into condensing the entire matrix. This agent may 
be a divalent or polyvalent counterion species of the 



and will generally depend on the size of the polyvalent 
species, and the size of the condensed-phase micro- 
particles. 

After complete condensation, the particles may be 
further processed, as above, by washing and/or storage 



type discussed above. The second condensing agent is 
effective to form condensed microparticles. such as 
35 micropartide 68 in Fig. 11C, having a surface coating 
66 of the polyvalent molecules 64, and small molecules 
(not shown), such as therapeutic molecules, entrapped 



in a dried state. 

According to an important feature, the polyvalent 
spedes used to condense the particles can be selected 
to control the rate of particle decondensation when the 
condensed-phase partides are exposed to monovalent 
counterions. As indicated above, polyvalent counterions 
having high valency, e.g., 5-10 charged groups per mol- 
ecule, give slower decondensation time6 than lower- 
valency counterions, ag., 3-5 charged groups. Micro- 
partides (2-3 urn) condensed with mastoparan (a biva- 
lent species) showed decondensation times of about 
15-20 minutes when exposed to medium containing 
about 150 mM Na*. This contrasts with the rapid 
decondensation (e.g., 2-30 sees) that occurs in 2-3 jim 
size condensed-phase micropartides condensed with 
divalent counterions. 

For therapeutic applications, the composition is pre- 
pared to achieve a desired rate of decondensation and 
drug release in a physiological medium, such as the 
upper gastrointestinal tract or bloodstream. This may be 
done by increasing the valency of th counterion until a 



in the matrix 

In the embodiment just descrfoed, the condensed- 

40 phase partide was formed by addition first of the large 
polyvalent species, and subsequent condensation with 
a small counterion. The two condensation steps may be 
carried out together, or in reverse order. To illustrate the 
latter approach, the particles may be first condensed 

as with a small polyvalent counterion which leads to stow 
decondensation, then partially decondensed by a 
monovalent counterion, and finally fully reoondensed by 
addition of the large polyvalent spedes. The latter 
approach has the advantage of forming a more dense 

so packing of polyvalent spedes in the outer surface region 
of the microparticles, for achieving slow rates of 
decondensation. 

As above, the polyvalent agent used to condense 
the outer surface region of the polymer may itself be a 

55 therapeutic molecule, such as a charged polypeptide. 

The method just described may also be employed 
in forming condensed-state micropartides having a 
desired surface coating. This method is illustrated in 
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Figs. 12A^nd 12& Here it is desired to coat the mlcro- 
pSrTfa^^ (PEG) poiymer strands 

to achieve enhanced circulation time of the microparti- 
cles in the bloodstream. In the method, a decondensed 
matrix, such as shown at 70 in Fig. 12A is incubated 
with a large polyvalent molecule 72, such as a positively 
charged polypeptide, that has been derivatized with 
PEG chains, such as indicated at 74. Addition of a small 
condensing agent, such as Ca +2 , either before, during, 
or following the surface coating step, as discussed 
above, produces a condensed-phase microparticle 78 
having a surface coating 76 of the desired polymer. 

V. Encapsulated Microparticle Composition 

This section describes a particle composition for 
rapid release of an entrapped compound at a target site, 
and methods for producing the composition. The sus- 
pension is designed to release a particle-entrapped 
compound when the particles of the composition are 
exposed to a selected target condition related to pH, 
temperature, or the presence or absence of a selected 
ligand, such as an antigen or an antibody. According to 
an important feature of the invention, the target condi- 
tion is effective to trigger rapid release of the compound, 
by an amp lified or cas cade ion infl ux mechanism. 



or anti-fungal agents, immunosuppressant compounds, 
and polypeptides, such as enzymes, cytokines, or pep- 
tide hormones including water-soluble, amphipathic, or 
lipophilic drugs. Preferred compounds are those which 
5 are ionizable or charged, and carry a charge opposite to 
that of the matrix polymer filaments, allowing high parti- 
tioning of the compound into the matrix, as discussed 
above. 

According to one advantage of the invention, the 

10 drug in this mixture may be present in a partially insolu- 
ble form, either because the drug is a lipophilic com- 
pound having low aqueous solubility, or because the 
drug, though hydrophilic, is present at a concentration 
above its normal water solubility. 

is For preparing particles for use as a diagnostic rea- 
gent composition, the compound may be a detectable 
reporter, such as a colored or fluorescent reporter, or an 
enzyme, or may include one or more assay reagents, 
such as ligands. antibodies, enzymes, and/or enzyme 

20 substrates. 

After mixing the compound(s) to be released and 
the decondensed particles under conditions effective to 
infuse the particle matrices with the compound, the par- 
ticles are transformed to a condensed state by addition 

ss of multivalent counterion species, to a concentration 
sufficie nt to produ ce decondensin g of the particle matri- 



ces. If necessary, e.g., where the concentration of 
monovalent counterions is relatively high, the particles 
may be condensed by exchangin g divalent tor monova- 



The composition is formed of a suspension of 
encapsulated microparticles, such as microparticle par- 
tide 80 shown i n Fig. 1 3. Each part i c l e I ncludes a po l y- 
mer-matrix micropartidft 82 of the type described so lent cations in the mixture. e.g ^ b y molecular si eve chro- 
above, with such in a condensed phase, and a lipid 
bilayer membrane 84 encapsula tin g the mic ro particle. 



matography or dialysis. The condensing step serves to 
trap the matrix-Infused d ru g In the particles. 



The compound to be released, such as indicated at 86, 
is entrapped in the condensed particle matrix. The 
encapsulated contents of the particle also includes a 
multivalent counterion at a concentration sufficient to 
maintain the micmnarticte in a condensed state. The 



The suspension of condensed particles is then 
treated, for example, by washing and centrrfugation, to 
35 remove non-entrapped compound, and the washed par- 
ticles are resuspended in aqueous medium containing 
multivalent counterions for maintaining the particles in 



lipid membrane has a surface coating of anti -ligand mol- 
ecules, such as molecules 88. as descrbed below. 

A. Preparing Encapsulated Microparticles 

To prepare the particle composition, polyionic-fber 
microparticles of the type described above are prepared 
or isolated. The 6izes of the microparticles, in a con- 
densed state, are preferably in the size range 0.05 to 5 
u for preparation of a diagnostic composition and 0.05 
to 0.2 urn for a drug-delivery composition. In preparing 
particles in a decondensed state, the sizes of the parti- 
cles may be 2-3 times the desired condensed-state 
size. 

Methods of entrapping a selected compound, pref- 
erably a water-soluble compound, follow the same 
methods discussed above in Section III and IV. For use 
in a drug-delivery composition, the compound may be 
any therapeutic compound suitable for entrappment in 
the condensed-phase matrix. Exemplary compounds 
include anti-tumor compounds, anti-bacterial, anti-viral, 



their condensed state. 

A variety of methods are available for encapsulating 

40 the condensed particles in lipid vesicle form (Szoka. 
1980). Prior to forming the lipid coal the condensed- 
phase particles may be treated, as described in Section 
III, to produce a hydrophilic coating on the particles. 
In one lipid-coating method, liposomes containing a 

46 desired lipid composition are sonicated extensively to 
form small unilamellar vesicles (SUVs), preferably in the 
30-70 nm size range, and the SUVs are lyophilized. A 
concentrated suspension of condensed particles, pre- 
pared as above, is added to this lyophilizate, preferably 

so in an amount estimated to provide an encapsulated ves- 
icle volume equal to the total microparticle volume. 

After allowing the vesicles to rehydrate in the pres- 
ence of the particle suspension, the vesidefcarticle sus- 
pension is subjected to several freeze-thaw cycles, 

55 leading to larger uni- and oligolamellar vesicles encap- 
sulating the microparticles. Nonencapsulated particles 
can be separated, for example, by cerrtrifugation. from 
encapsulated microparticles. The encapsulated micro- 
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particles may be further processed to remove larger- 
size vesicles; e g., those larger than 0.2-0.4 pan or to 
reduce vesicle size by standard membrane extrusion 
methods (Szoka. 1978). 

Another method for encapsulating particles 
involves a reverse phase evaporation method of lipo- 
some formation (Szoka, 1980). To modify the method to 
the needs of the present invention, a concentrated 
aqueous microparticle suspension containing 
entrapped compound is emulsified in a solution of phos- 
pholipids in a lipophilic solvent, such as chloroform. The 
emulsion that forms is a water-in-oil emulsion made up 
of individual rnicroparticles, each coated by a phosphol- 
ipid monolayer. The emulsion is reduced to an unstable 
lipid gel by solvent removal. 

With mechanical agitation, either with or without the 
addition of additional aqueous medium, the gel col- 
lapses to form oligolamellar vesicles with encapsulated 
microparticles. Further treatment may involve liposome 
sizing, as by extrusion through a defined-pore size poly- 
carbonate membrane, and removal of non encapsulated 
particles. 

In a third general method, the condensed micropar- 
ticles are suspended with membrane-forming lipids in 
an aqueous solvent containing a bile salt, alcohol, or 
other solvent components capable of destabilizing vesi- 
cle membranes. The mixture of lipids and particles is 
then treated. e.g., by dialysis, effective to remove the 
d est abi lizing s o lvent co m po nent , u nt i l stab l e li p id h i l ayer 



bilayer surface groups are well known. Typically, the 
bitayer membranes are formulated to include lipids, 
such as phosphatidylcholine (PE), phosphatidylserine 
(PS), or phosphatidylinositol (PI) with reactive polar- 

5 head groups, such as amine, hydroxy!, or sugar groups, 
respectively. In one general approach, the anti-ligand 
molecules are activated, such as by reaction with N- 
hydraxysuccinamide (NHS) or other activating agent, 
then reacted with the particles, to covalentty link the 

w anti-ligand molecules to the outer-surface lipid groups. 
In another general embodiment, the anti-ligand 
molecules are joined to the lipid membrane by reacting 
the particles with the anti-ligand in the presence of a 
condensing agent such as dicyclocarbodiimide, or a 

is suitable Afunctional reagent. 

Alternatively, the anti-ligand may be initially conju- 
gated to a lipid component such as a phospholipid, and 
this lipid then used in preparing lipid-encapsulated par- 
ticles. The anti-ligand in this embociment is contained 

20 on both sides of the lipid bilayers in the encapsulated 
particles. 

In another general embodiment, the liposomes are 
composed of lipids whose phase transition temperature 
is slightly above a selected temperature. For example, 
25 when designed for use in a drug-delivery composition. 
the lipids may be selected for stability at normal body 
temperature, but show increased leakiness at an above 7 " 
normal temperature, such that the particles are rela- 
tive l y stable whan admin i stered jnvjva hut are destah i - 



membranes form about the condensed particles. 



30 lized by hyperthermic treatment, as described below. 

In another general embodiment the liposomes con " 
tain lipids, such as lysolecithin, which can be readily 
degraded by phosphoiipase enzymes at a selected pH. 



The suspension of encapsulated particles may be 
further treated, e.g., by centrifugation or molecular sieve 



chromatography, to remove undesired solvent compo- 
nents or contaminants. 

In a related method, the condensed microparticles 
are mixed with a suspension of lipid vesicles, under con- 
ditions that promote lipid exchange between the vesi- 
cles and particles. Typically, the mixing is earned out 
above the phase-transition temperature of the lipids. 
The reaction is continued until lipid bilayers have formed 
about the particles. 

As above, the vesicles may be further processed to 
obtain desired sizes less than about 0.5 \im and to 
remove non-encapsulated microparticles. 

R Vftfiide Membrane Properties 

The encapsulated microparticles constructed in 
accordance with the invention are designed to allow 
localized vesicle lysis and courrterion exchange across 
the vesicle membrane under selected target conditions. 

In the embodiment of the invention illustrated in Fig. 
13. the microparticles have surface-attached anti-ligand 
molecules, such as antibodies 88. that ar part of a lig- 
and-anti-ligand pair, where the antibody in the pair may 
include a ligand-sperific antibody fragment, such as an 

fragment. 

Methods for coupling anti-ligand molecules to lipid 



35 C. Amplified Compound Release 



The encapsulating lipid membrane is designed to 
respond to the selected target condition, by allowing an 
influx of monovalent counterions, such as Na + present 

40 in the environment, and an efflux of internal multivalent 
counterions, through localized areas of membrane lysis. 

Figs. 14A-14C illustrate the mechanism of ampli- 
fied, cascade-type compound release from the particle 
composition of the invention. Fig. 14A shows an encap- 

46 sulated microparticle 90 similar to the one shown in Fig. 
13, having a condensed-phase microparticle 91 encap- 
sulated in a lipid bilayer membrane 92. Entrapped com- 
pound in the condensed matrix is indicated at 93. The 
membrane has surface-attached anti-ligand antibody or 

50 F^ antibody fragments molecules 94 effective to bind to 
target-site ligand molecules. 

The target condition that stimulates compound 
release from the particles is binding of the target-site 
anti-ligand molecules, such as an antigen (An), to the 

55 surface-bound anybodies. Where the composrrj n is 
used fa in vivo delivery of a therapeutic compound, the 
triggering binding event for compound release may 
occur at a bloodstream target site, or at a tissue site. 
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e.g., at a site involving cell- or tissue-specific surface 
antigens. 

Wher the composition is designed to be used as a 
homogeneous-assay diagnostic reagent, as described 
below, the target site is a sample mixture containing a 
ligand analyte in solution. 

Binding of the antigen to the surface-bound anti-lig- 
and molecules, in the presence of blood complement 
components, leads to localized membrane lysis or rup- 
ture, as indicated in Fig. 14B. The areas of localized 
lysis allow influx of monovalent counterions, such as 
Na* and K\ and efflux of encapsulated multivalent 
counterions, such as Ca* 2 or histamine. The monova- 
lent counterions are present in a physiological environ- 
ment, in a drug-delivery setting, or are included in the 
reaction medium, in an analyte assay. 

This exchange of counterions across the mem- 
brane, at the point of localized lysis, produces a rapid 
localized decondensing of the encapsulated particle 
matrix, further rupturing the vesicle membrane and 
leading to increased counter ion exchanga 

The initial localized lysis thus sets off a cascade of 
events which lead to rapid swelling i.e., decondensing of 
the entire microparticle matrix, as illustrated in Fig. 14C. 
This mechanism is an amplified or cascade type mech- 
anism. in that a small localized signal at the vesicle 
membrane is amplified by localized matrix swelling until 
the entire matrix has decondensed. The rapid 
dec o nde ns i ng acts lo expe l apo i liun of ttm m i uapped 
compound and allows remaining drug molecul es to dif- 



drug into the target cell. 

Where the composition is used as a diagnostic rea- 
gent in a solid-phase assay, the binding surface in Rg. 
15A may be a solid-support surface having a surface- 

5 bound anti-ligand molecules capable of binding to the 
particle anti-ligand molecules, to bind the particles to 
the surface, in proportion to the amount of analyte also 
present in the reaction mixture. After washing the sur- 
face, to remove non-specifically bound material, the 

10 particles can then be lysed, e.g., by heating or hypoos- 
motic swelling, to release the compound, e.g., reporter 
molecule, contained in the particles. 



D Drug-Release Composition 
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In one general embodiment the composition is 
designed as a drug delivery vehicle, for particle delivery 
to a selected in vivo 6ite, with rapid release of the 
entrapped therapeutic agent at the site. The site is typi- 

20 cally the bloodstream or a localized site accessible by 
the bloodstream. 

For use in treatment, a suspension of microparticle 
vesicles of the type described above are administered, 
typically by parenteral administration, to reach a 

ss selected target site which can include circulating anti- 
hnriiftg gperiffc organs nr ti re i iflfi , n r a ftfdiri tumor s ita 



For parenteral administration, and in particular for 
intravenous administration in bolus form, the method 
allows higher drug ddses to be admimsterea Decause 



fuse into the surrounding medium, as shown in Rg. 
14C. The series of events from localized lysis to com- 



-30 the d rug m a y he p r ese nt wi t h i n the v esicles at c ort ce r u 
tratton well above the drug's normal solubility, which 
may limit d rug cfosa ga I n fraa farm, nr in conv e n tio n al 



plete swelling of the encapsulated matrix, preferably 
occurs in a period between about 1-10 sec or less. 

Rgs. 15A-15C illustrate rapid target-initiated com- 
pound release from a composition particle 100 at a tar- 
oet surface site, such as sho wn at mfi Thg 



liposome-encapsulated form. Further, since the drug is 
not released until it reaches a target site, side effects 
35 due to generalized distribution of free drug are reduced. 
Another important advantage of the method is the 

anility >n arhim/o rapiH ™rrtnrJloH rfriin rolpflgft at a tar- 



encapsulated microparticle is composed of a con- 
densed-phase matrix 102 having entrapped compound 
108 and an encapsulating lipid bilayer membrane 104. 
The membrane contains surface bound anti-ligand mol- 
ecules 110, such as antibody or antibody fragment mol- 
ecules. 

The target surface shown here is a cellular surface 
having surface-specific anti-ligand molecules 109, for 
use in targeting an in vivo celt surface site. As illustrated 
in Rg. 15B, this binding leads to localized fusion of the 
particle membrane with the cell membrane. The areas 
of localized lysis allow influx of monovalent cations, 
such as Na + and K+, and efflux of encapsulated divalent 
cations, such as Ca +2 or histamine, causing rapid 
decondensing of the encapsulated particle matrix, fur- 
ther rupturing the vesicle membrane and leading to 
increased cation exchange effects. 

As above, initial localized lysis sets off a cascade of 
cation influx and matrix swelling that leads to rapid and 
complete expansion, i.e., decondensing of the micro- 
particle, as illustrated in Rg. 15C, expelling entrapped 



get site. Following vesicle administration, a portion of 
the vesicles localize at the target site in viva where the 

40 vesicles undergo partial lysis in response to selected 
conditions at the site, leading to a cascade of monova- 
lent cation influx and divalent cation efflux, as described 
above, with rapid release of the entrapped drug at the 
site. This is in contrast, for example, to conventional 

45 lipid-vesicle drug delivery, where vesicle disintegration 
and drug leakage occur slowly over an extended vesi- 
cle-circulation time. 



E. Diagnostic Particle Composition and Method 



50 



In a second general embodiment, the composition 
is designed for use as a diagnostic reagent, either for 
assaying an analyte by a homogeneous assay, or for 
use as a reagent containing a selected assay compo- 
55 nent. 

A homogeneous assay employing the composition 
is illustrated in Figs. 14A-14C, described above. Here a 
sample containing the analyte of interest (An in the fig- 
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ures) is mixed with the particle composition in the pres- 
ence of blood coffiprefT^^iridirig of the analyte to the 
particle-surface molecules leads to complement-medi- 
ated lysis, initiating the cascad of events leading to 
rapid matrix decondensation and release of entrapped 
reporter compound. 

The following example illustrates a method for iso- 
lating biological microparticles useful in the invention. 

Example 1 Isolation of Mart Cells 

Mast cell secretory granules were prepared from 
adult beige (bgVbg*) mice (Jackson Laboratories, Bar 
Harbor, ME) according to standard methods described 
by Monck et al., (1991), and modified to increase the 
number of intact isolated secretory granules. Cells were 
obtained by peritoneal lavage with a solution of the fol- 
lowing composition (in mM): 136 Nad, 1 MgCfe* 2 
CaCI 2 . 22 NaHCQ3. 0.4 K 2 HP0 4 , 2 Gucose, 8.8 
units/ml Heparin, 0.1% Bovine serum albumin (300 
mOsmftg, pH 7.3). Cells were resuspended in 1 ml, lay- 
ered on 2 ml 22.5% wtA/ol metrizamide and centrrfuged 
at room temperature for 20 min. at 4O0g. The pellet was 
resuspended in 1 ml of a Ca 2+ , Mg 2+ -free sonication 
buffer of the following composition (in mM): 130 NaCI, 
10 KCI, 22 NaHCOg, 0.3 KgHPO^ 0.1% Bovine serum 



volume after exocytosis in external solution (pH 7.3). 
Granules were re-condensed to within 5% of pre-secre- 
tion volume by bathing In a solution containing 50 mM 
histamine, pH 3, devoid of other ions. 

5 

Claims 

1. A particle composition for rapid release of a com- 
pound, when the composition is exposed to a 
io selected target concfition related to pH, tempera- 
ture, or the presence of a selected ligand, compris- 
ing 

encapsulated microparticles having an aver- 
15 age size in a selected size range between 0.05 

and 5 microns, each encapsulated microparti- 
cle bang composed of 

(0 an external lipid bilayer membrane 
20 effective to allow influx of external cations 
into the particle interior when exposed to 
the selected target condition, 
(ii) encapsulated within the lipid mem- 
brane, a condensed-phase microparticle 
25 which is composed of a matrix of 
crosslirrked poiyionic polymer filaments, 
and which is capable of decondensing to 
an expanded state when selected multiva- 
lent counterions also present within the 



albumin (300 MosrrVkg, pH 7.3). This suspension of 
purified mast cells was subjected to 4 sonication pulses 
a t 25% of m ax imum power (sonicator m o del 4 5 ; B r a n- 



son Sonic Power Co., Danbury CT) and plated onto so 



matrix are replaced by monovalent counte- 



glass bottomed chambers and stored at 37°C under 5% 
CO2 atmosphere until use. An average of about 200 



rions, and 

(iii) the compound to be released 

entrapped in the microparticle matrix, with 
such in its condensed phase. 

whereby localized disruption of the 
lipid membrane, and influx of monovalent 
counterions into the polymer matrix, in 
response to the selected target condition, 
causes rapid matrix swelling and com- 
pound release from the particles. 

The composition of claim 1 , for use as a drug-deliv- 
ery composition, wherein the microparticles have 
an average 6ize in a selected size range between 
0.05 and 0.5 microns, the compound is a therapeu- 
tic compound, and the lipid membrane is effective 
to allow influx of external counterions into the 
microparticle matrix when exposed to a selected 
condition in viva 

The composition of claim 2, wherein the polymer fil- 
aments forming the microparticle matrix are sul- 
fated, sulfonated, carboxylated, or polyphosphated 
polyanionic polymers, and the multivalent counte- 
rion is a multivalent cation. 

The composition of claim 3, wherein the filaments 
forming the microparticle matrix are comb-polymer 



intact secretory granules per mouse were , routinely 
obtained, that were osmotically stable with a half-life of 
over 3h. 35 

Isolated secretory granules were bathed in a stand- 
ard solution containing (in mM): 25 NaCI, 125 Kcl, 2 
CaCI 2 , 1 MgCI* 02 ATP, 10 HEPES (366 MosrWkg. pH 
7.3). 

Alternatively, mast cells were collected in a solution 40 
containing 150 mM NaCI. 10 mM Hepes. 3 mM KDH, 
0.943 mM NaOH. 1 mM MgCI 2 . 2 mM CaCfe. and 12 
mM glucose, 310 mmol/kg, pH 7.3, at room tempera- 
ture. Secretion was stimulated by 10 ug/ml of compound 
48/80 (Sigma Chemical Co., St. Louis, MO). Swelling of 45 
secretory granules was recorded using a Toshiba video 
camera (model IKC30M) mounted on an IM35 micro- 
scope (Zeiss) equipped with Nomarski optics including 
a 63x oil immersion Zeiss objective. (3500x, final mag- 
nification). The diameter of the granules was measured so 
by single frame video Image analysis at a sample rate of 
30 frames/sec. Single frame images were played back 
from a VCR (BV-1000 Mitsubishi) and sampled by a 
frame grabber (DT 2851. Data Translation) operated by 
the Image-Pro software package (Media Cybernetics). 55 
Volumetric expansion was calculated assuming a 
spherical shape for the secretory granules. Size is con- 
veniently expressed as a percent of final decondensed 
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glycoprotein filaments. 

The composition of claim 2, wherein the hatflife of 
matrix swelling, following localized disruption of the 
membrane, is less than about 1 sec. s 



The composition of claim 2, wherein the encapsu- 
lated microparticles contain a concentration of sol- 
ute molecules, including a therapeutic compound, 
that in the absence of the matrix, would produce 
hypertonic swelling of the encapsulated microparti- 
cle's lipid membrane in a physiological medium. 



7. The composition of claim 2, wherein the concentra- 
tion of therapeutic compound within the encapsu- 
lated microparticles is greater than the solubility of 
the compound in the aqueous medium within the 
microparticle matrices. 

8. The composition of claim 2, which further includes 
antHigand molecules attached to the outer lipkJ- 
membrane surfaces of said encapsulated micropar- 
ticles, for binding specifically to antigen or antibody 
molecules present at such in vivo site. 

9. The composition of claim 2, for delivering said com- 
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an expanded state when selected multiva- 
lent counterlons also present 'within' the 
matrix are replaced by monovalent counts- 
rions, and 

(iii) a detachable reporter compound con- 
tained entrapped within the microparticle 
matrix, with such in its condensed prase, 
and 

Civ) anti-ligand molecules bound to the 
exterior surface or said membrane, there 
the ligand and anti-ligand molecules are 
members of an antigen-antibody binding 
pair, 

wherein attachment of analyte lig- 
and molecules to said anti-ligand mole- 
cules, in the presence of complement, 
produces complement-mediated lysis of 
the membrane, and influx of monovalent 
counterions into the polymer matrix, with 
release the reporter molecules from the 
matrix. 

12. A method of storing a charged compound, compris- 
ing 

infusing the compound in a medium into poly- 



pound to a site that can be heated to an elevated 
temperature above normal body temperature, 

wh e r ei n th e e ncapsulat e d micropartfc le s' li p i d 

membranes are formed of lipids having a phase 30 



mer microparticles having selected sizes in the 
0.02 to 50 micron size range, where each parti- 
c le i s eo np o se d of a decondensed -phase 
matrix of cross! inked polyionic polymer ffla- 



transrtion temperature between the normal body 
temperature and the elevated temperature. 



ments, and Is capable of contracting to a con- 
densed phase under selected tank; conditions 



10. The composition of claim 1 , for use as a diagnostic 
assay reagent wherein the lipid membrane con- 
tains surface-bound anti-ligand molecules effective 
to bind specifically and with high affinity to a 



requiring the presence of multivalent counteri- 
ons, where the charge of the compound is 

35 opposite to that of polymer filament charge. 

after the compound has infused into the 

decondensed microparticles. adding muftiva- 



selected ligand analyte molecule, and the 
entrapped compound is a detectable reporter com- 
pound. 40 

1 1 . A homogenous assay reagent for detecting analyte 
ligand molecules, said reagent comprising 



a suspension of encapsulated microparticles 
having an average size in a selected size range 
between 0.05 and 50 microns, each encapsu- 
lated microparticle being composed of 
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lent counterions to the medium at a concentra- 
tion effective to fully condense the 
microparticles. thereby forming an aqueous 
suspension of condensed-phase microparti- 
cles having entrapped compound, 
processing the condensed -phase particles for 
storage. 

13* The method of claim 12, wherein said processing 
includes maintaining the condensed phase parti- 
cles in an aqueous suspension. 



(i) an external lipid bilayer membrane so 
effective to allow influx of external cations 
into the particle interior when membrane 
lysis occurs, 

(ii) encapsulated within the lipid mem- 
brane, a condensed-phase microparticle 55 
which is composed of a matrix of 
crosslinked polyionic polymer filaments, 
and which is capable of decondensing to 



14 The method of claim 12, wherein said processing 
includes removing suspension medium, and main- 
taining the condensed-phase particles in a partially 
hydrated state. 

15. The method of claim 12 wherein entrapped com- 
pound is present in the suspension at a concentra- 
tion which is greater than its water solubility in the 
aqueous medium forming the suspension. 
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16. The method of claim 12, wherein the compound Is 




26. The composition of claim 23, wherein the therapeu- 


a oolvofiDtidfi 






w rrTbieoite is present at a concentration that is 
substantially greater than the solubility concentra- 


17. me metnoo or ciaim id, wnerein me poiymer tiib- 






tion of the compound in the suspension. 


ments forming the microparticle matrix are sulfated, 


5 






suironateo, carooxyiaieo, or poiypnospnaiea poiy- 
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anionic poiyrnor©, snu ine uuu jjounu is cauunic cii 








tne pn ot me suspsr&ion meoiurn. 






Zusammansetzuna aus Partikeln zur raschen Frei- 
fiAtruno ainar Vsrhinduna wenn die Zusammen- 


18. A compound-release composition comprising 
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entrnnn ainar ausfiawAhltan Zial-Reffinnuno 
ausaasetzt wird bezoaen auf oH-wert Temoeratur 


a suspension of microparticles having average 






Oder Voriiegen eines ausgewfthlten Uganden, 


sizes in a selected size range between 0.05 






i imfaccanH 
Ul 1 iictooci IU 


ano o.u microns, 6acn miciDparouie ueing 








composed of 
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eingekapselte Mikropartikel mit einer durch- 
schntttiichen Qr08e in einem ausgew&hlten 


(i) a condensed-phase matrix of 






RorainK Twicrhon Ci n*? itnH S nm uunhoi JaHas 
Dcitsiuii fcVViouicii u,uj uiiu u i i, viuuoi jcuod 


crossl inked polyionic polymer filaments 






eingekapselte Mikropartikel zusammengesetzt 


capable of expanding to a deoondensed 






id flue 
lot alio 


phase in the presence of monovalent 
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(i) einer &u8aren Lipiddoppelschicht-Mem- 


(ii) small molecules entrapped in the micro- 






Kran Hi a KAuuirb4 HflA ovfomo t^ofionon in 
UTCtl l| UlO UtTWlifVl, UCtlJ OAlOlllO iXOUUIIdl HI 


particle matrix, with such in its condensed 






das Innere des Partikels eindringen kOn- 


state, and 






nen, wenn es der ausgewahlten Ziet- 


emrappeu in ula COnuorisKxJ puiyifici, 






Douinyuny QUoycseun wiiu, 


polyionic counterions effective to delay the 






/■ft oinom in Hor 1 intrimomhran AinfiAlffln>- 
^liy ci iioi ii hi ud uuiuiiiciiiui txi i ciiyonajr 


rotaacn rrf ttio small irmlaculofi from ttift 
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microparticles, when the microparticles 






das aus einer Matrix aus vernetzten poly- 


ara AYpnRfld in mnnnvafant rnnntArinriR 
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nACAtTt ict iind hAfAhtat i&t filch auf &inen 


19. The composition of claim 18, wherein the polymer 






expandierten Zustand auszudehnen, wenn 


filarrvHTfc fnrminri thn mifmna rticlfl matrhf are sul> 

I1JCU IR5I 11© IWIIIIIM U IO 1 1 uwif? IIKIUIA CUB OUI 






Kpctirnrntft mphrwertina Geopnionen dis 


fated, sulfonated, carboxylated, or poiyphospnated 






aucfi innernat) der Matrix voriiegen, durcn 


polyanionic polymers, and the polyionic molecules 






pinwprtinA Qeoeniortfin fifsfitzt werden 


are polycationic polymer molecules. 
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und 

(WW Hpr VArhtnduna did fireicifiselzt warden 
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20. The composition of claim 18, wherein the small 






cnll und die in dftr Mikrooartikelmairix ein- 

OUII m pu x^i w ii i vi wi i w ii n* wftH« iifwM i mil v*i • ■ 


molecules nave tne same cnarge as tne countenon. 






gescniossen ist, die mrerseits in aer ver- 
dichteten Phase vorliegt, 


21. The composition of claim 19, wherein the polyionic 
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wobei ein stellenweises Aufbrechen 


molecules are localized in an outer surface region 






der Lipidmembran und ein Eindringen von 


or tne conaenseo-pnase mauix 






eirtwertigen Gegenionen in die Polymer- 
matrix als Antwort auf die ausgewahlten 


22. The composition of claim 19, wherein the polyionic 






Ziel-Bedingungen zur Folge haben, daB 


molecules are polypeptides with a net charge. 
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die Matrix rasch quillt und die Verbindung 
aus den Partikeln freigesetzt wild. 


ine composition ot ciaim i a, tot use in parenier&i 








ao mini Su anon or a merapeuiic compound, wnerein 




2. 


Zu&ammensetzung nach Anspruch 1 zur Verwen- 


the microparticles have sizes in a selected 6ize 






dung als Arznefetoff -abgebende Zusammenset- 


range between 0.05 and 0.5 jim. 


stu 




zung, wobei die Mikropartikel etne durchschnittliche 






QrOBe in einem ausgewahlten Bereich zwischen 


24. Trie composition or ciaim do, wnerein me inerapeu- 






0,05 und 0,5 um aufweisen, die Verbindung eine 
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therapeuttsche Verbindung ist und die Lipidmem- 


onic molecules. 
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bran bewirkt, daB externe Gegenionen in die Mikro- 
partikelmatrix eindringen kOnnen, wenn sie einer 


25. The composition of claim 23. wherein the therapeu- 






ausgewahlten Bedingung in vivo au&gesetzt wird. 


tic molecule is entrapped in the matrix, with such in 








its condensed form. 




3. 


Zusammensetzung nach Anspruch 2, wobei die 



18 



"S3" 



EP0684 812B1 



Polymerf ilamento, aus denen die Mikropartikelma- 
trix zusammeri^eBt 1st sulfatierte, sulfonierte, 
carbaxylierte Oder polyphosphate polyanioni- 
sche Polymer sind und das mehrwertige Gegen- 
ion ein mehrwertiges Kation 1st. 



eine Suspension eingekapsetter Mikropartikel 
mit elner durchschnittlichen GrOBe in einem 
ausgewahiten Bereich zwischen 0,05 und 50 
urn umfaBt, wobei jedes eingekapsette Mikro- 
partikel zusammengesetzt ist aus 



4. Zusammensetzung nach Anspruch 3, wobei die 
Filamente, aus denen die Mikropartikelmatrix 
zusammengesetzt ist, Kamm-Polyrner-Glykopro- 
tein-Fitamertte sind. 10 

5. Zusammensetzung nach Anspruch 2, wobei die 
Halbwertszeit der Matrixquellung nach einem stel- 
lenwersen Aufbrechen der Membran weniger als 
etwa eine Sekunde betrdgt. 15 

6. Zusammensetzung nach Anspruch 2. wobei die 
eingekapselten Mikropartikel eine Konzentration 
von gefcsten Molekfllen, einschJieBRch einer thera- 
peutischen Verbindung, enthalten, die in Abwesen- so 
helt der Matrix in einem physioiogischen Medium 
eine hypertone Ausweitung der LJpidmembran des 
eingekapselten Mikropartikels bewirken wOrde. 

7. Zusammensetzung nach Anspruch 2, wobei die 26 
Konzentration der therapeutischen Verbindung in 



(i) einer auBeren Lipiddoppelschicht-Mem- 
bran, die bewirkt, daB externa Kationen in 
das tnnere des Partikete eindringen kOn- 
nen, wenn eine Lyse der Membran erfolgt, 

(ii) einem in der Upidmembran eingekap- 
selten Mikropartikel in verdichteter Phase, 
das aus einer Matrix aus vernetzten poly- 
ionischen Polymeifilamenten zusammen- 
gesetzt ist und befahlgt ist, sich auf einen 
expandierten Zustand auszudehnen, wenn 
bestimmte mehrwertige Qegenionen. die 
auch innerhalb der Matrix vorOegen, durch 
einwertige Qegenionen ersetzt werden, 

(iii) einer nachweisbaren Reporter-Verbin- 
dung, die eingeschlossen innerhalb der 
Mikropartikelmatrix enthalten ist, die ihrer- 
seits in der verdichteten Phase vorliegt, 
und 

(iv) Anti-Ugand-Molekulen, die an die 
auBere Oberfiache der Membran gebun- 



den eingekapselten Mikropartikeln grOBer ist als die 
LOslichkeit der Verbindung im waBrigen Medium in 
den M i kropart i kelmatr i ce s . 



den Bind, wobei die Ligand- und die Anti- 
Ligand-Molekule die beiden Teile eines 
Antig e n - Anti k Orp e r - B i ndung s paar es si nd, 
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wobei die Anlagerung von Analyt- 



8. Zusammensetzung nach Anspruch 2, die femer 
Antj-Ugand-Moiekflle umfaBt, die an der fluBeren 



Ligand-MolekQIen an die Anti-Ligand- 
MolekOle in Gegenwart von Komplement 



Upidmembran-Oberfiache der eingekapselten 
Mikropartikel angelagert sind, so daB sie spezifisch 
an Antigen- oder AntikdrpermolekQIe bind en, die an 
einer bestimmten Stelle in vivo vorliegen. 



35 



eine Komplement-verrnittelte Lyse der 
Membran und ein Eindringen von einwerti- 
gen Qegenionen in die Polymermatrix 
bewirkt wodurch die Reporter-MolekQIe 
aus der Matrix freigesetzt werden. 



9. Zusammensetzung nach Anspruch 2 zur Freiset- 
zung der Verbindung an einer Stelle. die auf eine 
erhdhte, Qber der normalen KOrpertemperatur lie- 
gende Temperatur erwarmt werden kann, wobei die 
Lipidmembranen der eingekapserten Mikropartikel 
aus Lipiden bestehen, deren PhasenCrbergangs- 
temperatur zwischen der normalen KOrpertempe- 
ratur und der emOhten Temperatur liegt. 

10. Zusammensetzung nach Anspruch 1 zur Verwen- 
dung als diagnostisches Testreagens, wobei die 
LJpidmembran Oberftachen-gebundene Anti- 
Ugand-MoiekOle enthatt, die eine spezifisch und 
mit hoher Affinrtat erfolgende Bindung an ein aus- 
gewahftes Ugand-Analyt-MolekOI bewirken, und die 
eingeschlossene Verbindung eine nachweisbare 
Reporter-Verbidung ist. 

11. Homogenes Testreagens zum Nachwets von Ana- 
lyt-Ligand-Molekfllen, wobei das Reagens 



12. Verfahren zur Lagerung einer geladenen Verbin- 
40 dung, umfassend 

das Einziehenlassen der Verbindung in einem 
Mecfium in Pofymer-Mikropartikel mit ausge- 
wahiten GrOBen im Bereich von 0,02 bis 50 

46 nm, wobei jedes PartikeJ aus einer Matrix in 

nicht-verdichteter Phase aus vernetzten polyio- 
nischen Potymerfilamenten zusammengesetzt 
ist und befflhigt ist, sich unter ausgewahiten 
lonen-Bedingungen, cfie das Vorliegen von 

so mehrwertigen Gegenionen voraussetzen, zu 

einer kondensierten Phase zu kontrahieren, 
wobei die Ladung der Verbindung entgegenge- 
setzt zu der Ladung des PolymerfOaments ist, 
nach dem Einziehen der Verbindung in die 

55 nicht-verdichteten Mikropartikel, die Zugabe 

von mehrwertigen Qegenionen zum Medium in 
einer Konzentration, die eine vollstandige Ver- 
dichtung der Mikropartikel bewirkt, wodurch 
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etne wftBrige Suspension von Mikropartikeln in 
verdichteter Phase erzeugt wird. In denen die 
Verbindung eingeschlossen ist, und 
das AufbereRen der Partikel in verdichteter 
Phase fur die Lagerung. 

13. Verfahren nach Anspruch 12, wobei das Aufberei- 
ten das Hatten der Partikel in verdichteter Phase in 
einer waBrigen Suspension umfaBt 

14. Verfahren nach Anspruch 12, wobei das Aufberei- 
ten das Entfernen des Suspensionsmediums und 
das Hatten der Partikel in verdichteter Phase in 
einem Zustand teilweiser Hydratation umfaBt. 

15. Verfahren nach Anspruch 12, wobei die einge- 
schlossene Verbindung in der Suspension in einer 
Konzentration vorliegt die grOBer ist als ihre Was- 
serlOsIichkeit in dem Suspension-erzeugenden 
waBrigen Medium. 

16. Verfahren nach Anspruch 12. wdbei die Verbindung 
ein Potypeptid ist. 

17. Verfahren nach Anspruch 12, wobei die Polymerfi- 
lamente, aus denen die Mikropartikeimatr ix zusam - 

mengesetzt ist, sulfatierte, sulfonierte, carboxylierte 
Oder potyphosphatierte polyanionische Polymere 
cind und d i o Vorbindung boim pH - Wort d e s Sus - 
pensionsmediums kationisch ist 
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carboxylierte Oder polyphosphatierte polyanioni- 
sche Polymere sind und die polylonischen Molekofo 
polykationische PolymermolekOle sind. 

20. Zusammensetzung nach Anspruch 18, wobei die 
kleinen Molekule die gleiche Ladung aufweisen wie 
das Gegenion. 

21. Zusammensetzung nach Anspruch 19, wobei die 
polyionischen Molekule im au&eren Oberflachen- 
bereich der Matrix in verdichteter Phase liegen. 

22. Zusammensetzung nach Anspruch 19, wobei die 
polyionischen Molekule Polypeptide mit einer Net- 
toladung sind. 



23. Zusammensetzung nach Anspruch 19 zur Verwen- 
dung for die parenterals Verabreichung einer thera- 
peutischen Verbindung, wobei die Mikropartikel 

20 GrOBen in einem ausgewahtten Beretch zwischen 
0,05 und 0,5 pm aufweisen, 

24. Zusammensetzung nach Anspruch 23, wobei die 
therapeutischen Peptide zumtndest einen Teil der 

25 polyionischen Molekule ausmachen. 

~ ~~ 25.~Zusammensetzung nach Anspruch 23, wobei das 
therapeutische MolekQI in der Matrix eingeschlos- 
se n i st, d ie ihr e r se it s in d e r v e r dic htet e n F o rm vor- 
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liegt 



18. Zusammensetzung zur Freisetzung einer Verbin- 26. Zusammensetzung nach Anspruch 23, wbbei das 



dung, umfassend 

eine Suspension von Mikropartikeln mit durch- 
schnittlichen GrOBen in einem ausgewahrten 
Bereich zwischen 0,05 und 5,0 nm, wobei 
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therapeutische MolekOI in einer Konzentration vor- 
liegt, die wesentlich grOBer ist als die Konzentra- 
tion, bei der die Verbindung in der Suspension noch 
lOslich ist 



jedes Mikropartikel zusammengesetzt ist aus 

(i) einer Matrix in verdichteter Phase aus 
vernetzten polyionischen Polymerfilamen- 
ten, die befahigt ist. sich in Gegenwart von 
einwertigen Gegenionen auf eine nicht- 
verdtchtete Phase auszudehnen, 

(ii) kleinen MolekOlen, die in der Mikropar- 
tikelmatrix eingeschlossen 6ind, die ihrer- 
seits im verdichteten Zustand vorliegt, und 

(iii) im verdichteten Polymer eingeschlos- 
senen polyionischen Gegenionen, cfie 
bewirken, daB die Freisetzung der kleinen 
MolekOle aus den Mikropartikeln verzogert 
wird, wenn tie Mikropartikel mit einwerti- 
gen Gegenionen in Kbrrtakt gebracht wer- 
den. 

19. Zusammensetzung nach Anspruch 18, wobei die 
Polymerfilamerrte, aus denen die Mikropartikelma- 
trix zusammengesetzt ist sutfatierte, sulfonierte, 
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Composition particulaire pour liberation rapide d'un 
compost lorsque la composition est exposed a une 
condition cible s6lectionn6e lie* e au pH, k la tempe- 
rature ou k la presence d'un ligand s&ectionne, 
comprenarrt 

des microcapsules encapsulees ayant une 
dimension moyenne incluse dans un intervalle 
de dimension selectiome compris entre 0,05 
et 5 jim, cheque mtcroparticule encapsulee 
etant composee 

(i) d*une membrane bicouche lipidique 
externe efficace pour permettre I'entrSe de 
cations externes a llnterieur de la particule 
lors d'exposition a la condition cible s6lec- 
tionnee, 

(ii) d'une mtcroparticule a la phase con- 
dense encapsulee a I'interieur de la 
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membrane lipidique, qui est compos6e 
d'une matrice de filaments de polymeres 
potyioniques reticules et qui est capable de 
decondensation k un etat dilate lorsque 
des corrtre-ions multivalents s6lectionn6s 5 
egalement presents k Hrrterieur de la 
matrice sont remplaces par des contre- 
ions monovalents et 

(iii) du compos6 k liberer, pi6ge dans la 
matrice de microparticules, cette dernidre 10 
etant k sa phase condense, 

etant entendu que la desintegration 
localises de la membrane liptdique et 
rentr6e de contre-ions monovalents dans 
la matrice polym&re, en r6ponse k la con- 15 
dition cibie s6lectiormee, provoquent le 
gonf lament rapide de la matrice et la Ite- 
ration du compose par les particules. 

Composition selon la revendication 1, k utiliser 20 
comme composition d'apport de medicaments, ou 
les microparticules ont une dimension moyenne 
incluse dans un intervallede dimension s6lectionne 
compris errtre 0.05 et 0,5 um, le compose est un 
compose therapeutique et la membrane lipidique 25 

est efficace pour permettre r entree de contre-ions 

"externes dans la matrice de microparticules lors 
d'expositbn k une condition s6lectionn6e in vivo. 



8. Conyosltlon selon la revendication 2, laqueDe com- 
prera en outfelies molecules anti-ligand fixees aux 
surfaces externes de la membrane lipidique desdi- 
tes microparticules encapsulees, en vu d'une fixa- 
tion spedfique aux molecules d'antigene ou 
cfanticorps presentes k ce site in viva 

9. Composition selon la revendication 2, destinee a 
rapport dudrt compost a un site qui peut fttre 
chauffe a une temperature elevee superieure k la 
temperature corporelle normale, oik les membranes 
lipid iques de microparticules encapsulees sont for- 
m6es de lipides ayant une temperature de transi- 
tion de phase comprise entre la temperature 
corporelle nor male et la temperature 6lev6e. 

10. Composition selon la revendication 1, k utiliser 
comme r6actif de dosage diagnostique, ou la mem- 
brane lipidique contient des molecules anti-Ogand 
Ii6es k la surface, efficaces pour se lier spetifique- 
ment et avec une aflinite elevee k une molecule 
danalyte ligand selectiormee et le compose pi6g6 
est un compose indicateur detectable. 

1 1. Reactrf de dosage homogene destine k la detection 
de molecu les de ligands analytes. ledrt r6act if com- 
prenanTi 

une suspension de microparticules encap- 
s u 1 6 es a yant un e di mens io n 



3. Composition selon la revendication 2, ou les fila- so 



merits de potymeres fbrmant la matrice de micro- 
particules sont des polymeres pdyanioniques 



moyenne incluse dans un intervalle de dimen- 
sion seiectionne compris entre 0,05 et 50 jim, 



sulfates, sulfones, carboxyles ou polyphosphates et 
le oontrenon multivalent est un cation multivalent 

Composition selon la revendication 3, ou les fila- 
ments fbrmant la matrice de microparticules sont 



chaque microparticule encapsuiee etant com- 
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(i) d'une membrane bicouche lipidique 

externe efficace pour permettre 1'entree de 

cations externes k linterieur des particules 
lorsque survient la lyse membranaire, 

40 (ii) d'une microparticule k la phase con- 

denses, encapsuiee k linterieur de la 
membrane lipidique. qui est composee 
d'une matrice de filaments de polymeres 
polyioniques reticules et qui est capable de 

46 decondensation k un etat dilate lorsque 

des contre-ions multivalents seiectionnes 
egalement presents k linterieur de la 
matrice sont remplaces par des contre- 
ions monovalents et 

so (iii) d'un compose indicateur detectable 

piege k linterieur de la matrice de micro- 
particules, cette demifere etant k sa phase 
condensee, et 

(iv) de molecules anti-ligand Ii6es k la sur- 
55 face externe de ladite membrane, le ligand 

et les molecules anti-ligand etant les ele- 
ments dun couple de liaison antigene-arrti- 
corps, 



des laments de giycopnotetne poiymenque en pet- 
gne. 

5. Composition selon la revendication 2, ou la demi- 
vie du gorf lement de la matrice, apres d6sint6gra- 
tion localises de la membrane, est inferieure k envi- 
ron 1 s. 

6. Composition seton la revendication 2, ou les micro- 
particules encapsulees contiennent une concentra- 
tion de molecules de solute comprenant un 
compose therapeutique qui, en I'absence de la 
matrice, produirait le gonf lement hypertonique de la 
membrane lipidique de microparticules encapsu- 
lees dans un milieu physiologique. 

7. Composition selon la revendication 2, ou la concen- 
tration de compose therapeutique £ linterieur des 
microparticules encapsulees est superieure k la 
solubilite du compose dans le milieu aqueux k 
linterieur des matrices de microparticules. 
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oil |a fixation des molecules de 
HgaiTd an3^eTu^^' nriol§cul©s anti- 
figands, en presence de complement, pro- 
duh una lyse membranaire mediee par le 
complement et I'entree de contre-ions s 
monovalents dans la matrice polymere, 
avec liberation des molecules indicatrices 
par la matrice. 

12. Procede de conservation d'un compose charge, 10 
comprenant 



la perfusion du compose dans un milieu dans 
des microparticules de polymeres ayarrt des 
dimensions selectionnees dans I'intervalle de 
dimension de 0,02 a 50 nm, chaque particule 
etant composee d'une matrice a la phase 
deoondensee de filaments de polymeres poly- 
ioniques reticules et etant capable de contrac- 
tion k une phase condenses dans des 
conditions toniques selectionnees necessrtant 
la presence de contre-ions multivalents, la 
charge du compose etant opposee a cede des 
filaments de polymdres, 
apres la perfusion du compose dans les micro- 
par ticules decondensees. I'addrtio n d e contre- 
ions multivalents au milieu a une concentration 
efficace pour condenser total ement les micro- 
pa rt icu l es, en fonnan t ai n s i u n e suspe n sion 



15 



20 



25 



18. Composition pour liberation d'un compose, com- 
prenant 

une suspension de microparticules ayant des 
dimensions moyennes incluses dans un inter- 
vals de dimension seiectionne compris entre 
0,05 et 5,0 \im t chaque microparticule etant 
composee 

(0 d'une matrice k phase condensee de 
filaments de polymeres pdyioniques reti- 
cules capables de se dilater a une phase 
decondens6e en presence de contre-ions 
monovalents, 

(ii) de petites molecules piegees darts la 
matrice de microparticules, cette derniere 
etant k son etat condense, et 

(iii) de contre-ions potyioniques, pi6g6s 
dans le polymere condense, efficaces pour 
retarder la liberation des petites molecules 
par les microparticules lorsque les micro- 
particules sont expos6es k des contre-ions 
monovalents. 

19. Composition selon la revindication 18, ou les fila- 
__ merits de polymeres formant la matrice de micro- 

particules sont des polymeres polyanioniques 
sulfates, sutfones, carboxyles ou polyphosphates et 

l es molecules potyioniques so n t deb mo l ecu l es de 

. polymeres poJycationiques, 



aqueuse de microparticules a la phas e con- 30 



densee contenant le compose pi6g6, 

le traitement des particules 6 la phase conden- 



20. Composition selon la revendication 18. ou les peti- 



s6e en vue de leur conservation. 

13. Procede selon la revendication 12, ou ledit traite- 
ment comprend le maintien des particules k la 
phase oondensee en suspension aoueuse. 
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21. 



tes molecules ont la mftme charge que le corrtre- 
ton. 

Composition selon la revendication 19, ou les moleV 
cules poMoniques sont localisees dans una region 



14. Procede selon la revendication 12, ou ledit traite- 
ment comprend rumination du milieu de mise en 40 
suspension et le maintien des particules k la phase 
condensee a un etat partiellemerrt hydrate. 

15. Procede selon la revendication 12, ou le compose 
piege est present dans la suspension a une con- as 
centration superieure k son hydrosolubilite dans le 
milieu aqueux formant la suspension. 

16. Procede selon la revendication 12, ou le compose 

est un polypeptide. so 

17. Procede selon la revendication 12, ou les filaments 
de polymeres formant la matrice de microparticules 
sont des polymeres polyanioniques sulfates, surfb- 
nes, carboxyles ou polyphosphates et le compose ss 
est cationique au pH du milieu de mise en suspen- 
sion. 



superficielle externe de la matrice a la phase con- 
densee. 

22. Composition selon la revendication 19, ou les mole- 
cules potyioniques sont des polypeptides k charge 
nette. 

23. Composition 6elon la revendication 19, k utiliser 
dans radministration parenterals d'un compose 
therapeutique, ou les microparticules ont des 
dimensions incluses dans un intervalle de dimen- 
sion seiectionne compris entre 0,05 et 0,5 jim. 

24. Composition selon la revendication 23, ou les pep- 
tides therapeutiques constituent au molns une por- 
tion des molecules potyioniques. 

25. Composition selon la revendication 23, ou la mole- 
cule therapeutique est pieg6e dans la matrice, cette 
derniere etant k sa forme condensee. 
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26. Composition 6e) on la revendication 23, oCi la mole- 
cule th6rapeutique est pr6sehte k une concentra- 
tion senaWemerrt sup6rleure k la concentration de 
solubility du compost dans la suspension. 




FigV r 
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Fig. 5 
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Fig, 2A 
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Fig. 6A 
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Pig. 6B 
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Fig. 10A 
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Fig. 11C 
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